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EFFECT OF RONTGEN RAYS ON THE TOBACCO, OR 
CIGARETTE, BEETLE AND THE RESULTS OF EX- 
PERIMENTS WITH A NEW FORM OF RONTGEN TUBE 


By G. A. RUNNER, 
Entomological Assistant, Southern Field Crop Insect Investigations, 
Bureau of Entomology 


INTRODUCTION 


The Réntgen tube used in experiments on the effect of Réntgen rays 
on the tobacco, or cigarette, beetle (Lasioderma serricorne Fabricius) 
described in this paper is a new form designed by Coolidge.' By this type 
of tube a much more powerful Réntgen-ray radiation can be maintained 
than was possible with the apparatus used in experiments of a similar na- 
ture previously made by the writer. The intensity and the penetrating 
power of the Réntgen rays produced are both under the complete control 
of the operator, and many of the factors limiting the use of other types 
of tubes for the special purpose desired are absent. The tube can be 
operated continuously for long periods without showing an appreciable 
change in either the intensity or the penetrating power of its resulting 
radiation. The starting and running voltage are the same. The resulting 
radiation is therefore homogeneous and of any desired penetrating power. 

The ordinary forms of tubes used in previous experiments were incapa- 
ble of being operated continuously without change in penetrating power. 
Owing to the fluctuation in intensity and penetrating power incidental 
to frequent adjustment, it was impossible to tell with any degree of 
accuracy the dosage and amount of radiation. 

In previous experimental work with Réntgen rays it had been found 
that in sterilizing cigars or tobacco, small dosages are ineffective, from 
a practical standpoint. To be effective, the radiation must be intense, 
and it is evident that if the process can be successfully applied to com- 
mercial work, the apparatus used must be capable of producing and 
ma‘ntaining such radiation during the entire period required for the 
material treated to pass through the exposure chamber of the machine. 





1Coolidge, W. D. A powerful Réntgen ray tube with a pure electron discharge. Jn Phys. Rev.,s. 2. 
V. 2, NO. 6, P. 409-430, 6 fig. 1913. 
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EXPERIMENTAL WORK 


Eggs for the experiments were obtained by placing large numbers of 
tobacco beetles in jars containing leaf tobacco which had been sterilized 
by heat. The eggs were then placed between slabs of chewing tobacco 
in wooden boxes. The covers of the boxes were tightly sealed with 
adhesive tape. Control boxes containing approximately the same 
number of eggs as the treated boxes were prepared in a similar manner. 

Infested tobacco containing larve, pupe, and adults was also exposed 
in sealed wooden boxes. After exposure the insects were transferred to 
wooden boxes containing granulated tobacco which had been sterilized 
by heat. A corresponding number of specimens were kept as controls. 

Exposure to the rays was made by placing the containers directly 
under the Réntgen tube at a distance of 7.5 inches from its focal spot. 
In order to guard against any effect of heat, a fan was kept blowing on 
the container while the exposure was made. The maximum temperature 
registered by a thermometer placed in the chamber was g1° F. 

In the series of experiments tabulated 150 milliampere minutes (current 
of 15 milliamperes for 10 minutes or a current of 10 milliamperes for 15 
minutes), with a voltage of 65,000, was the minimum dosage applied. 

The material used in the experiments was kept under observation until 
January 10, 1916. Table I gives the details of the experiments. The 
notes included show the condition at different times. During the colder 
months the material was kept in an automatically regulated electric 
incubator in which suitable breeding conditions were maintained. The 
temperature was kept at 86° F. and the humidity at 80. 

Eggs from exposed beetles were kept under daily observation. Part 
were kept in cells on microscope slides and part were kept on the leaf 
tobacco on which they were laid and placed between slabs of chewing 
tobacco. Most of the eggs which failed to hatch became shrunken and 
changed in color in about 10 days. Part remained plump and apparently 
normal for a considerable time. In eggs which were over 2 days old 
and in which embryonic development was well advanced when treated 
the partly developed larvz could be seen within by examination with a 
microscope. 

As will be seen in Table I (experiments 11, 14, and 18), hatching took 
place in some of the eggs which were over 3 days old. In experiment 14, 
which was made with eggs nearly hatched when treated, part of the 
eggs hatched, even though the dosage of 150 milliampere minutes, which 
was effective with the newly laid eggs, had been increased to 600 milli- 
ampere minutes. 

Results of previous experiments, as well as those tabulated, indicate 
that in treatment of the egg stage heavier dosages are required to sterilize 
eggs which are nearing the end of the incubation period than are required 
to sterilize eggg newly laid. 
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In these experiments the larve hatched from treated eggs failed to 
develop. In several other series of experiments with R6ntgen rays made 
by the writer and also in experiments made by Morgan and the writer,’ 
eggs given lighter dosage hatched and development seemed normal, 
several generations of tobacco beetles being reared from some of the 
tobacco and cigars which contained treated eggs. 

In the two experiments with larve (No. 19 and 20), no immediate 
effect as the result of exposure to the rays was noted. After a time the 
larve became inactive, somewhat shrunken, and changed in color, and 
no evidence of feeding could be observed. Nearly all remained in an 
inactive or dormant condition for long periods before death. Two larve 
exposed on June 7 (experiment 20) remained alive until January 10, 1916. 
All check larve used in this experiment had transformed to the adult 
stage by July 11. All treated larve died before reaching the pupal 
stage. With conditions under which the material used in the experi- 
ments was kept, the normal larval period of the tobacco beetle is about 
40 days. All larve used in the experiments were partly grown when the 
experiment was made. No further growth could be noticed. In general, 
the effect of the heavy exposure given (600 milliampere minutes, voltage 

65,000, distance from focal spot of ROntgen tube 7.5 inches) seems to 
‘ have been to stop development and activity and to produce an inactive 
or dormant condition, and greatly to prolong the larval period. 

The results of all previous experiments with larve given comparatively 
light exposures had shown entirely negative results. 

In the experiment with pupe (experiment 21) the number of pupe 
used was not sufficiently large to permit the drawing of positive con- 
clusions. Of the 20 specimens treated, only 4 reached the adult stage. 
These seemed normal, but died without laying eggs. 

In the two experiments with adults (experiments 22 and 23), the 
results obtained were very similar, The exposure given apparently did 
not affect the length of life or the activity. Mating was observed and 
large numbers of eggs were laid. None of the eggs from the exposed 
beetles hatched, while eggs from the check beetles hatched normally. 

Egg clusters of the tent caterpillar (Malacosoma americana Fabricius) 
and the white-marked tussock moth (Notolophus leucostigma Smith and 
Abbot) were used. With both of these species the period of incubation 
is very long, eggs deposited in summer or fall not hatching until the 
following season. An exposure of 150 milliampere minutes was given. 
Other conditions of the experiment were the same as in experiment 7 
made with eggs of the tobacco beetle, details of which are given in 
Table I. The experiment was made on April 16. The egg clusters 
treated contained something over 1,000 eggs of each species. The same 
number of clusters were kept as checks. Both experiments gave nega- 





1 Morgan, A. C., and Runner, G. A. Some experiments with Réntgen rays upon the cigarette beetle 
Lasioderma serricorne Fabr. Jn Jour. Econ. Ent., v. 6, no. 2, p. 226-230. 1914. 
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tive results, hatching being apparently normal in treated eggs of both 
species. 

The eggs of both the tent caterpillar and the tussock moth were nearing 
the end of the incubation period when treated. In eggs of the tent 
caterpillar embryonic development is practically completed in the fall, 
the larve remaining in the eggshells over the winter and emerging on 
the appearance of warm weather in the spring. 


SUMMARY 


Under laboratory conditions tests made with a Réntgen-ray tube per- 
mitting a high-energy input and giving an intense and powerful radiation 
gave results which promise that the X-ray process may be successfully 
used in treatment of cigars or tobacco infested. with the tobacco, or ciga- 
rette, beetle. 

Heavy dosages must be given, as is indicated by the exposure given in 
the series of experiments tabulated in this paper. 

In treatment of the egg stage, heavier exposures are required to sterilize 
eggs which are near the hatching point than are required to sterilize eggs 
newly laid. 

In experiments performed by the writer a dosage equivalent to 150 
milliampere minutes exposure with a spark gap of 5.5 inches gave satis- 
factory results with eggs in tobacco placed 7.5 inches from the focal spot 
of the tube. With this exposure the eggs in which embryonic develop- 
ment was well advanced hatched, but in all cases where these larve were 
kept under observation they failed to reach the adult stage. 

The minimum lethal dosage at a given distance from the focal spot of 
the Réntgen tube used has not been determined. 

In two separate experiments adults were given an exposure of 600 
milliampere minutes (amperage X time), with a spark gap of 5.5 inches, 
giving an approximate voltage of 65,000, with humidity at 57. The 
distance from the focal spot of the Réntgen tube was 7.5 inches. The 
results are as follows: 

(1) No effect on length of life was apparent, as the beetles died at about 
the same rate as the same number of beetles kept as a check. 

(2) Large numbers of eggs were deposited after exposure. These eggs 
were infertile. Eggs laid by the check beetles hatched normally. 

Larve were given an exposure of 600 milliampere minutes, other con- 
ditions of the experiment being the same as in the experiments with 
adults given above. While no immediate effect was apparent, the treat- 
ment had the effect of stopping activity and development, the larve 
remaining in a dormant condition for a prolonged period. All treated 
larve died before reaching the pupal stage. 




















STIMULATING INFLUENCE OF ARSENIC UPON THE 
NITROGEN-FIXING ORGANISMS OF THE SOIL 


By J. E. GreAvEsS, 
Bacteriologist, Utah Agricultural Experiment Station 


INTRODUCTION 


Arsenic, when applied to a soil, has been found to stimulate the 
ammonifying (Greaves, 1913c)' and especially the nitrifying organisms 
of that soil. The stimulation varied greatly with the form, quantity, 
and method of applying the arsenic. Furthermore it was found that 
very large quantities of arsenic had to be applied to a soil before its 
toxic effect became marked. This toxic effect became pronounced 
only when quantities of arsenic which far exceeded those found in any 
of the cultivated soils (Greaves, 1913b) had been applied. Therefore 
it was desirable to determine its influence and mode of action upon the 
nitrogen-fixing powers of the soil. For, even though arsenic does not 
inhibit the action of the ammonifiers or nitrifiers, if it stops or materially 
retards the nitrogen-fixing organism, it can not be said that arsenic is not 
injurious to the soil flora. To determine this point the following study 
has been made. 

‘ EXPERIMENTAL WORK 


The soil used in the first part of this work was the same as that used 
by the author in the previous series. It is a typical bench soil, a 
sandy loam fairly high in calcium and iron content and supplied with 
an abundance of all the essential elements of plant food with the excep- 
tion of nitrogen, which was low, a characteristic of arid soils. 

The determination of the nitrogen-fixing powers of the soil was made 
as follows: Tumblers covered with Petri dishes were sterilized, and into 
these were weighed 100-gm. portions of the air-dried soil and 2 gm. of 
mannite, which were then carefully mixed. Sodium arsenate was added 
from a standard solution with the proper proportion of sterile distilled 
water and the mixture thoroughly stirred with a sterile spatula. The 
other arsenical compounds were added in the dry state and then care- 
fully mixed. Sufficient sterile distilled water was added to make the 
moisture content of the soil 18 per cent. The tumblers and contents 
were weighed and the moisture content made up weekly to the initial 
concentration. 





1 Bibliographic citations in parentheses refer to ‘‘ Literature cited,” p. 414-416. 
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The samples were incubated at 28° to 30° C. for 18 days and the total 
nitrogen determined. The tumblers and contents at the end of this 
time were placed in an electric incubator and kept at 95° C. until dry. 
The soil was then ground in a mortar, after which 20-gm. portions were 
weighed and placed in Kjeldahl flasks. The nitrogen was then deter- 
mined according to the Lipman and Sharp (1912) method. The deter- 
minations were all made in duplicate and compared with sterile blanks, 
so that each result reported is the average of two or more closely agree- 
ing determinations. The compounds used were sodium arsenate, lead 
arsenate, cupric aceto-arsenite (Paris green), arsenic trisulphid, and zinc 
arsenite. In each case the quantity of the compound added was such 
as to give equivalent quantities of arsenic. The results reported as 
milligrams of nitrogen per 100 gm. of soil are given in Table I. 


TABLE I.—Quantity of nitrogen (milligrams) fixed in 100 gm. of soil during 18 days with 
varying amounts and different forms of arsenic 





‘Meanie | Sodium Lead | Paris Arsenic Zinc 
: | arsenate. arsenate. green. trisulphid. arsenite. 





P. p.m. | 

Se 16. I ‘ 9. 8 
16.0 ‘ 1I.2 
16. 4 4 14.0 
18.9 . 15.4 
21.0 i 16. 2 
23.0 : 16. 4 
a1.7 , 14.0 
16.8 ‘ 12.8 
16.1 ; II. 2 
16.0 , 11.2 
16. 6 ; 9. 8 
16.8 : 9.8 
16. I 9. 8 
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In this series the concentration of the arsenic was not carried above 
400 p. p. m., for previous work had shown that the main stimulation 
occurs below this concentration. Furthermore the arsenic occurring in 
agricultural soils seldom exceeds 150 p. p. m., so it is likely that in agri- 
cultural soils it will never be found to exceed the quantity used in this 
work. 

The results reported in the above table bring out some very inter- 
esting facts and show that the nitrogen-fixing organisms are very similar 
to the nitrifying organisms in so far as their relations to arsenic are 
concerned. The addition of 20 p. p. m. of sodium arsenate stimulates 
their action and 40 p. p. m. or more have a toxic influence. When the 
concentration of arsenic reaches 280 p. p. m., it stops all nitrogen-fixing 
activity. The toxic influence which becomes so very prominent above 
this concentration must be due entirely to the arsenic and not to the 
sodium ion, as Lipman and Sharp (1912) have added many times this 
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quantity of sodium in the form of sulphates, chlorids, and carbonates to 
the soil without retarding its nitrogen-fixing power. 

The lead arsenate at the lower concentrations has no influence upon 
the nitrogen-fixing powers of the soil, but when the concentration 
reaches 80 p. p. m. a stimulating influence becomes quite perceptible. 
This continues until the concentration exceeds 200 p. p. m. Above this 
concentration the nitrogen fixed, within experimental error, is the same 
as that fixed in the untreated soil. It is interesting to note that the 
compound does not become toxic, even when the quantity added reaches 
400 parts of arsenic per million parts of soil. This series shows a very 
close similarity to the nitrification series previously reported, and it is 
quite likely that part of the stimulating influence is due to the lead ion. 

Paris green is toxic even in the lowest concentration used, and the 
toxicity increases as the quantity of Paris green added increases. This 
toxicity is due mainly to the copper ion. However, as was shown in the 
ammonification and nitrification work, the quantity of soluble arsenic 
present would be much higher where the Paris green was added than 
where the other compounds were used. The fact that no stimulation 
occurs in the Paris-green series points to the conclusion that the toxicity 
of the copper must increase much more rapidly than the stimulating 
influence of the arsenic. Yet it is quite possible that if a lower con- 
centration of the substance had been taken a stimulation would have 
been noted. 

Arsenic trisulphid stimulates in the lowest concentration tested and 
increases in stimulating influence until a concentration of 160 p. p. m. 
is reached. In concentrations above this its stimulating influence de- 
creases. In concentration above 320 p. p. m. there is fixed no more 
nitrogen in the presence than in the absence of arsenic. But even at 
the highest concentration tested (400 p. p. m.) this compound exerts no 
tonic influence on the nitrogen fixers. 

Zinc arsenite probably stimulates slightly in low concentrations, but 
aside from this it has little apparent influence on the nitrogen-gathering 
organisms. Had fresh soil been used in this series, greater stimulation 
would have been noted, as was found by later work. 

The amount of nitrogen fixed in the untreated soil of the above series 
shows a marked variation. This is probably due to various factors, chief 
among which is the fact that the nitrogen-fixing powers of the soil with 
sodium arsenate, lead arsenate, and Paris green were made in the order 
named on the air-dried soil soon after it had been brought to the labora- 
tory. In the case of the arsenic trisulphid and zinc arsenite the soil had 
been in the laboratory in an air-dried condition for about two months 
before the determinations were made, but each set of samples within each 
series was handled in exactly the same manner, and the samples are 
directly comparable within each set, as has been the case in the previous 
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discussion. In order to make those containing different forms of arsenic 
more nearly comparable with each other—that is, the lead arsenate with 
the arsenic trisulphid, etc.—the nitrogen fixed in the untreated soil has 
been taken as 100, and from this the ratio has been calculated with each 
of the concentrations of arsenic. This gives us more nearly comparable 
results, which are shown in figure 1. 

Comparing these results with those obtained for the ammonification 
and nitrification series (Greaves, 1913¢), we find a marked similarity exist- 
ing between them. In all of the series there is a marked stimulation 
with all of the compounds except Paris green. The arsenic trisulphid 
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460 
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°o 
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700 200 
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Fic. 1.—Graph showing the action of five compounds of arsenic on nitrogen fixation in dry soil. (Nitrogen 
fixed in untreated soil equals 100.) 


stimulates growth much more in the nitrogen-fixing series than it does 
in the other series. The arsenic trisulphid has the greatest stimulating 
influence, followed in the order named by lead arsenate, zinc arsenite, 
and sodium arsenate. Paris green was the only compound tested which 
exerted no stimulating influence. It may be seen that the maximum 
stimulation was not obtained when equivalent quantities of arsenic in 
the various forms are applied to the soil. Hence, it seems possible that 
a relationship may exist among the various cases in the water-soluble 
arsenic found. In order to answer this, determinations were made of 
the water-soluble arsenic existing in the soil. The soil and arsenic, 
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together with 2 gm. of mannite, were placed in sterile tumblers, the water 
content made up to 18 per cent, and then incubated at 28°C. for 18 days. 
At the end of this period the soil was transferred by means of 1,000 ¢. c. of 
carbon-dioxid-free distilled water to large acid bottles. The mixture 
was left in these bottles, with occasional shaking, for 8 days, then filtered 
and the arsenic determined in an aliquot part (Greaves, 1913d). In 
another set the various forms of arsenic were mixed with 100-gm. portions 
of soil and 2 gm. of mannite and the water-soluble arsenic determined as 
above without incubation. 

The results are given in Table II as milligrams of water-soluble arsenic 
occurring in 100 gm. of the soil both before and after the three weeks’ 
incubation. Each reported result is the average of three or more closely 
agreeing determinations. 


TABLE II.—Quantity of water-soluble arsenic (in milligrams) in 100 gm. of soil before 
and after three weeks’ incubation 





Treatment, 


Lead arsenate. 


Arsenic trisul- 
phid. 


Sodium arse- 
nate, 





Arsenic added 
Arsenic found before incubation 
Arsenic found after incubation 


Average 


16. 00 
I. 04 
I. 26 


16. 00 


-14 
I. 42 





I. 15 


- 78 


. 26 














The arsenic in each case became more soluble as bacterial activity 
progressed. This is especially marked in the soil containing arsenic 
trisulphid, which yielded 10 times the water-soluble arsenic after incuba- 
tion that it did before. A remarkably close agreement is found to exist 
among the results obtained for water-soluble arsenic at the close of the 
incubation period, which shows that the maximum stimulating influ- 
ence is obtained when soil contains between 10 and 15 p. p. m. of 
water-soluble arsenic. This is a quantity that exceeds that found in 
agricultural soil (Greaves, 1913b); hence, the influence of the arsenic 
occurring in soil must be to increase and not to retard nitrogen fixation. 
The maximum fixation varies with the form of arsenic applied. This is 
undoubtedly due, as will be pointed out later, to the elements accom- 
panying the arsenic, which may have either a retarding or an accelerat- 
ing influence upon the bacterial activity. 

The finding of this marked stimulating influence of arsenic upon the 
nitrogen-fixing powers of soil raises a number of very interesting and 
important questions. Some of these are: (1) Does this stimulating 
influence exist in other soil or is there something inherent within this 
particular soil which makes its bacterial flora susceptible to the influence 
of arsenic? (2) Is the stimulating influence brought about by the retard- 
ing of injurious species or is it a direct stimulant to the soil organisms? 
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(3) Do the arsenic and arsenic compounds act as a source of energy to 
the nitrogen-fixing organisms or do they so influence the soil flora that 
it can utilize more economically the carbon compounds available? (4) 
What nitrogen-fixing organisms are there in the soil which are influenced 
by arsenic? 

In order to find whether arsenic influences the nitrogen-fixing powers 
of other soils in a similar manner, three other soils were tested with and 
without arsenic. The soils vary greatly in chemical and physical com- 
position. Soil A is a black loam of very light texture and, for an arid 
soil, high in nitrogen and humus. It is well supplied with phosphorus, 
potassium, and calcium carbonate and grew potatoes for 23 years. 
After this it was planted tooats for 2 years, and during the past 4 years 
has been planted in alfalfa. It has received some manure. Soil B isa 
sandy loam of much lighter color than soil A and contained much less 
humus and nitrogen, but an abundance of other elements. It has been 
cultivated for 28 years and during this time has been fallowed two sum- 
mers. The remainder of the time it has been planted in wheat. Soil C 
is a heavy clay almost devoid of humus. The nitrogen is low, but the 
soil is well supplied with phosphorus, potassium, and calcium carbonate. 
While wet it is exceedingly sticky, and on drying it bakes like adobe. It 
has been tilled for 23 years, and during this time it has been fallowed for 
3 years. The remainder of the time it has been in wheat. While it has 
received no manure during this time, it is still very productive. All of 
the soils are very fertile and well supplied with Azotobacter, and previous 
work has shown them to have high nitrogen-fixing powers. 

The soils were all air-dried in the dark for 24 hours, ground in a mortar, 
sieved, weighed, and placed in sterile tumblers. Some were mixed with 
mannite and arsenic, others with mannite, while still others received 
only arsenic. They were all incubated in the regular manner, and the 
nitrogen determined as in the previous series. The results are given in 
Table III. Each reported result is the average of six closely agreeing 
determinations. 

A marked stimulation is found in every case where the arsenic and 
mannite were applied to the soil, as compared with the results obtained 
where the mannite only was applied. The action of the various arsenical 
compounds follows the same order in each of these soils that it did in the 
first soil tested, being greatest with the lead arsenate and least with the 
sodium arsenate. The nitrogen fixed in the presence of arsenic but in 
the absence of mannite is usually considerably higher than that fixed in 
the presence of mannite and absence of arsenic. It would not be right 
to conclude from these results that the arsenic compounds furnish a 
source of energy to the nitrogen-fixing organisms, for these soils (Greaves, 
1914, p. 456) have been found to fix appreciable quantities of nitrogen 
when incubated with an optimum moisture content without the addition 
of any carbon compound. It is likely that the arsenic makes the nitrogen- 
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gathering organism use more economically its usual source of carbon, 
which in the absence of mannite is probably the plant débris which has 
been slowly added to the soil. The belief that this is the case is strength- 
ened by the fact that soil rich in organic matter (soil A) acts practically 
the same in the absence of mannite and presence of arsenic as it does 
when both arsenic and mannite are added to the soil. The clay soil 
(C), which is low in organic matter, acts about the same in the absence of 
arsenic as in the absence of mannite. It is interesting to note that in 
soils B and C the total fixation in the soil containing mannite plus that 
fixed by the soil containing arsenic approximates the total fixation in the 
series in which both arsenic and mannite are present. 


TABLE III.—Quantity of nitrogen (in milligrams) fixed in 100 gm. of soil with and with- 
out arsenic 


LEAD ARSENATE 









































:6 mgm. of 16 mgm. of Noarsenic,2 | Total of 
Soil. arsenic, 2gm. | arsenic, Jem. of mannite, columns 
added to soil. | added to soil. | *¢dedtosoil. | 2 and 3. 
Mee arriwauled aueacvmenceden 17.0 16. 8 6.7 | 24. § 
LOC er eee ee ei 16. 8 9.8 4.0 | 13.8 
Garcrticendansccte coeeeaias't) 10. § 5-3 6. 3 | 11.6 
PIM ois oc cencanes eee | 14.7 10. 6 | 6.0 | 16. 6 
ARSENIC TRISULPHID 
)  RE TPE reer at ey Peete 16. 3 | 15. 6 13.8 29. 4 
Wie 6s:0 CURR Rea cere R ake sues 12. 6 7.0 7.6 14. 6 
, ee ern ene 10. 6 | 5. 6 4.2 9. 8 
TG fais es hizh bo ecentons | 13. | 9. 4 8&5 | 17.9 
| 
SODIUM ARSENATE 
| | | 
| EC eee Te ee cee 7.8 6. 3 | 6.3 12. 60 
Weep nescaveentevsceunaccess 7.0 4.9 33 8. 20 
Gand ds DEN Bie Shs sdaeas | 9. 2 8.4 7.0 15. 40 
PN vcncisiveriarns | 8.0 6. 5 | 5.5 | 12.0 








In all of the tests so far reported the incubation period has been 18 
days. Longer periods of incubation may give results very different 
from those so far obtained, for the stimulating influence of arsenic may 
be of short duration, and we may find later a slowing up of the reaction, 
or, inasmuch as we are dealing with the algebraic sum of many reac- 
tions which are taking place in the soil, we may find it to be negative. 
An attempt was made to determine this by the following experiment: 
100-gm. portions of the high-humus soil’(A) were mixed with 0.0728 
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gm. of lead arsenate and the moisture content made up to 18 per 
cent and then weighed. One-half of the samples thus prepared were 
sterilized in the autoclave and all of them placed in an incubator at a 
temperature of from 28° to 30°C. The moisture was made up weekly to 
its initial content. Beginning at the end of 20 days, six samples, three 
autoclaved and three not autoclaved, were used for the making of dupli- 
cate total-nitrogen determinations. The average excess of nitrogen in 
the unsterilized soil over that in the sterilized is given in Table IV. 


TABLE IV.—Quantity of nitrogen (in milligrams) fixed in 100 gm. of soil containing 
0.0728 gm. of lead arsenate 





Time incubated. Nitrogen. | Time incubated, Nitrogen. 





Mom. 

» 32 | I. 00 
. 40 | 3. 80 
» 40 | 6. 20 
3. 20 | 











The greatest quantity of nitrogen was obtained at the end of 20 days. 
During the next 10 days, however, 24.72 mgm. of combined nitrogen 
disappeared. During the next 14 days there was a loss of only 4 mgm. 
From this time on there was a gradual increase in the amount of com- 
bined nitrogen found within the soil up to the end of the experiment, but 
even after 172 days’ incubation there was less nitrogen in the soil than 
there was at the end of 20 days. 

The great loss of nitrogen can not be entirely charged up to the arsenic 
added, for other workers (Ashby, 1907; Hoffmann and Hammer, rg1o, 
p. 164) have noted, when working with impure cultures, a loss of nitrogen 
on prolonged incubation in the absence of arsenic. The loss is probably 
due to the soil’s becoming compact, with the production of anaerobic 
conditions. This, assisted by the protozoa (Miller, 1914, p. 217), which 
appropriate too large a share of the limited supply of oxygen in the soil, 
prevents entirely the activity of the aerobic nitrogen-fixing organisms 
and greatly stimulates the activity of the denitrifying organisms of the 
soil. This can, however, only partly account for the phenomena; other- 
wise there would be a continual decrease in the nitrogen as the soil 
became more compact. 

The fact that aeration plays a considerable part in the reaction is 
brought out by the following experiment, which differs from the pre- 
ceding only in that the soil was thoroughly stirred, thus aerating it each 
time before making up the moisture content. The results of this experi- 
ment are given in Table V. 
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TABLE V.—Quantity of nitrogen (in milligrams) fixed in I00 gm. of aerated soil with and 
without the addition of arsentc after different periods of incubation 





Nitrogen Nitrogen 
fixed in Nitrogen | fixed in Nitrogen 


soil con- soil con- . 
al ode fixed in ae A rie fixed in 
Days incubated. taining untreated Days incubated. taining untreated 


0.0728 gm. soil 0.0728 gm. 
of lead 4 | of lead 
arsenate. iH arsenate, 





8. 12 . 58 . 38 
5. 88 - 92 . 90 
8. 26 . 78 . 80 




















These results show conclusively that it was the lack of air in the 
former series which caused such great losses of nitrogen and that they 
could in no way be attributed to the arsenic added. This series was 
stirred but once a week and after the stirring the moisture content was 
made up to the optimum so that the soil became quite compact. It is 
quite likely that greater care in the aeration of the soil would have reduced 
very materially the loss of nitrogen which was observed in this series. 
In the first stages of the experiment the soil containing arsenic gained 
the greater quantity of nitrogen, while in the later stages the soils con- 
taining no arsenic were the highest. If, however, an average of the 


quantity found in each soil is taken, it will be found to be considerably 
higher in the soil containing arsenic than in the other. 

It was thought that some of the questions referred to in the first part 
of this article could be answered more readily with the solution method 
than with soil. For this reason a series was incubated using a solution 
of the following composition: 


Dibasic potassium phosphate (K,HPO,).... 0.2 gm. 

Magnesium sulphate (MgSO,) .2 gm. 

Calcium Chionid (CaGls). ...56cciccccsccece .02 gm. 

Ferric chlorid (Fe,Cl,) 1 drop (10 per cent solution). 


This was made up to 1,000 c. c. with tap water and distributed in 100 
c. c. portions into 750 c. c. Erlenmeyer flasks. One gm. of calcium car- 
bonate was added to each, and the flasks were then sterilized and inocu- 
lated. One series was inoculated with Azotobacter vinelandii. This was 
done by making a suspension in sterile tap water of the organism and 
adding 5 c. c. of this suspension to each flask. In the other series the 
inoculating medium was 1o gm. of soil. The solutions were incubated 
at 28° to 30° C. for 18 days, and then the nitrogen determined in the 
manner previously outlined. The results are given in Table VI and are 
reported as milligrams of nitrogen fixed in 100 c. c. of thesolution. Each 
reported result is the average of three closely agreeing determinations. 
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TABLE VI.—Quantity of nitrogen (in milligrams) fixed in I00 c. c. of nutritive solution 
with and without the addition of arsenic 














Treatment. 














Inoculated 


with A zotobac- 


ter vinelandii, 


Soil +0.0728 
gm, of sterilized 
lead arsenate, 





Soil +0.0728 
gm. of unsteril- 
ized lead 
arsenate, 








Nutritive solution + 1.5 gm. of mannite and 
0.0728 gm. of lead arsenate................ 
Nutritive solution + 0.0728 gm. of lead 
eer eri Teer kere 
Nutritive solution + 1.5 gm. of mannite 
and 0.0272 gm. of arsenic trisulphid....... 
Nutritive solution +- 0.0272 gm. of arsenic 
trisulphid 


























Nutritive solution + 1.5 gm. of mannite..... 


} 





14. 12 


15.16 
14-79 
I. 45 
5-98 
. 28 











15-77 
13.92 

-§2 
2. 05 


08 













solution with arsenic. 











before and after autoclaving. 

















autoclaving. 











heat. 

































































After the first series had been completed, it was thought possible that 
the heat in the autoclave had changed the solubility of the arsenical 
compounds and that this was the reason there was no fixation in the 
For this reason analyses were made of the soluble 
arsenic in 100 c. c. of the nutritive solution containing arsenic both 
The determinations were made as pre- 
viously outlined. The lead arsenate yielded 0.91 mgm. of soluble arsenic 
before autoclaving and 0.85 mgm. after autoclaving. The arsenic tri- 
sulphid yielded 0.40 mgm. before autoclaving and 0.42 mgm. after 


The results indicate conclusively that the toxicity of the compound is 
not due to a difference in the solubility of the compound produced by the 
In order to make sure of this, a series was arranged in which the 
arsenic was added just before inoculation and after the solution had been 
autoclaved. These results are given in the last column of Table VI 
and are slightly lower than those previously obtained with the arsenic. 
The A. vinelandii fixed no nitrogen in the presence of the arsenic. 
where the soil was used as the inoculating medium, the lead arsenate 
retarded nitrogen fixations to a certain extent. 


Even 


The toxic influence of 


the arsenic sulphid is very pronounced. These results show the care 
which must be used in drawing conclusions from the Remy-solution 
method as to what is to be expected in soils. 
the contention of Jénsson (1896) that the fact that Nobbe (1884) found 
arsenic solutions to be toxic to seedlings in water culture and concluded 
that arsenic, even in small quantities, is extremely toxic to plants does 
not indicate that these solutions will be toxic when in the soil. 
results herein reported show arsenic to be extremely toxic to nitrogen- 
fixing organisms while in solution, but the same concentration in the 
soil is not only devoid of toxicity but acts as a powerful stimulant. 
therefore establishes for the bacteria what Kanda (1904, p. 16) found 
to be true for the higher plants—namely, that dilute solutions of sub- 


They greatly strengthen 


The 


This 
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stances may be toxic when used in water culture, but that the same 
quantities when placed in the soil may act as stimulants. 

The results reported for A. vinelandii, when considered in connec- 
tion with those obtained for the soil, make very problematic the part 
played by Azotobacter, especially A. vinelandii, in these soils. The 
exact mode of action of the arsenic also remains a question. For these 
reasons the soil used in the first series was plated and the main nitrogen- 
fixing organisms isolated. Three types of Azotobacter were obtained. 
These have been designated Azotobacter A, Azotobacter B, and Azoto- 
bacter C. Azotobacter A has a nitrogen-fixing power of 6.86 mgm. of 
nitrogen per gram of mannite in Ashby solution, Azotobacter B a nitro- 
gen-fixing power of 5.00 mgm., and Azotobacter C a nitrogen-fixing power 
of 6.44 mgm. of nitrogen. 

The preceding results have shown that little information of value can 
be obtained by the solution method. Therefore another series was 
planned in which 100-gm. portions of the soil used in the first series were 
weighed into covered sterile tumblers and autoclaved at a temperature 
of 120° C. for 30 minutes, cooled, and the moisture content made up to 
18 per cent. The soil was then inoculated with the various organisms 
which had been isolated. The soil portions were incubated for 18 days, 
the moisture content kept constant, and then the total nitrogen deter- 
mined. Sterile blanks were incubated and analyzed as checks. Each 
reported result is the average of four or more closely agreeing determina- 
tions, so that the analytical error has been reduced toa minimum. The 
results are given in Table VII. 


TasLEe VII.—Quantity of nitrogen (in milligrams) fixed in 100 gm. of soil with and 
without arsenic and inoculated with various nitrogen-fixing organisms 





Milligrams of nitrogen fixed in 100 gm. of soil 
treated with— 





Inoculating organism, 
2 gm, of man- | 2 gm, of man- | 0.0728 gm. of 

nite, 0.0728 gm. nite, no lead arsenate, 
of lead arsenate. arsenic. no manunite, 





Azotobacter A 15. 60 21. 
Azotobacter B 24.15 14. 70 
Azotobacter C 18. 20 18. 20 
Azotobacter A and B....o4.6. sce cc cedaesae: 26. 31 22. 
Azotobacter A, B, and C 18. 40 17.70 














The results reported above show for each organism a fixation much 
higher in the soil than was found in the solution. The results without 
arsenic, but with mannite, are as high as are reported in Table I with 
both mannite and arsenic combined, a fact which would seem to indicate 
that arsenic acts upon injurious species. This, however, does not account 
for the entire phenomenon, for we find in this series a very small fixation 
of nitrogen in the absence of mannite and presence of arsenic, while in 

37768°—16——2 
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the ordinary soil with its mixed flora as great a fixation was obtained in 
the presence of arsenic as in the presence of only mannite. This probably 
indicates that some of the stimulation is due either to the fact that the 
arsenic acts upon allied species which are gathering carbon that can be 
used by the Azotobacter, or else to the fact that some species, possibly 
the cellulose ferments, are stimulated so that they render available to the 
Azotobacter the carbon-carrying compounds of the soil faster in the pres- 
ence of arsenic than in its absence. Only one of the organisms isolated, 
Azotobacter B, is directly stimulated by arsenic. The stimulation, 
however, is very large in this case. It also fixes large quantities of nitro- 
gen in the presence of arsenic and absence of mannite. These results 
are complicated by the carbonaceous material which occurs in the soil. 
For this reason a series similar to the above was incubated, using silica 
sand in place of the soil. The silica used was devoid of organic matter 
and had the following composition: 

Silicon dioxid (SiO,) 

Ferrous oxid (FeO) 

Aluminum oxid (A1,0,) 

Calcium oxid (CaO) 


One-hundred gm. portions of this were sterilized in covered tumblers, 
and to each was added 1 gm. of calcium carbonate and 18 c. c. of sterile 
distilled water containing 0.02 gm. of potassium phosphate, 0.02 gm. of 


magnesium sulphate, and 0.002 gm. of calcium chlorid. The tumblers 
were inoculated with the various nitrogen-fixing organisms incubated 
with a constant moisture content at 28° C. for 18 days, and then the 
nitrogen determined as in the previous series. They were all compared 
with sterile blanks. The results are given in Table VIII as milligrams 
of nitrogen fixed in 100 gm. of sand. Each reported result is the aver- 
age of six or more closely agreeing determinations. 


TasLe VIII.—Quantity of nitrogen (in milligrams) fixed in 100 gm. of quartz sand with 
and without arsenic 





Inoculating material. 


Sand and Ash- 
by solution, 
+0.0728 gm. of 
lead arsenate. 


Sand and Ash- 
by solution, no 
arsenic. 


Sand and Ash- 
by solution, no 
mannite, 
+0.0728 gm, of 
lead arsenate. 





toc. c. of soil extract 


0 SE eer ea eee 


Azotobacter B 


POMOC iii tess caneer ig tee unas seeal 


19. 60 
17. OI 
13. 84 
15. 10 


10. 50 
22. 61 
12. 60 
16. 80 


70 











Qualitatively, the above results are the same as those obtained with 
the soil. Azotobacter B was the only one of the three organisms stimu- 
lated by the arsenic. Where the mixed flora were used, the stimulation 
was very marked, but the fixation in the absence of arsenic where either 
Azotobacter A or Azotobacter C was used is about the same as that 
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obtained in the presence of arsenic where the soil extract was used. This 
fact would seem to indicate that the main stimulation brought about by 
arsenic is due to its action upon injurious species. The results obtained 
in the presence of arsenic and absence of mannite indicate that the Azo- 
tobacter can not use the arsenic as a source of energy. The small fixation 
where the soil extract was used may be due to the nitrogen-fixing organ- 
isms obtaining a small quantity of carbon compounds from alge which 
may have grown in the complex flora. 

The results given in Table VII pointed strongly to the conclusion that 
the stimulating influence of the arsenic was due in part to an indirect 
action upon the nitrogen-fixing organisms, possibly an action which it 
exerts upon the cellulose ferment. A series was therefore arranged in 
which the cellulose ferments were used in connection with the Azoto- 
bacter. 

In this series 100-gm. portions of the high humus soil (A) were placed 
in covered tumblers and sterilized in the autoclave and then treated as 
in Table IX. The Azotobacter was inoculated into 100 c. c. of Ashby 
solution. After three days the solution was thoroughly shaken and 5 c. c. 
of the solution were added to the sterile soil. The cellulose ferment was 
added by making a suspension of the organism in sterile distilled water 
and adding 5 c. c. of this to the soil. The moisture content was made up 
to 18 per cent and incubated for 18 days. Six samples of each were used, 
so that the results reported are the averages of six closely agreeing deter- 
minations. The results are given in Table IX. The cellulose ferments 
used were Bacillus rossicus, isolated by Kellerman, McBeth, and others 
(1913) from Geneva (N. Y.) soils, and Pseudomonas efjusa, isolated by the 
same investigators from the soils used in this work. 


TABLE IX.—Quantity of nitrogen (in milligrams) fixed in I00 gm. of soil with and 
without arsenic in the presence and absence of cellulose ferments 





Nitrogen 
Treatment, guined. 





Azotobacter chroococcum 14. 70 
Azotobacter chroococcum, 0.0728 gm. lead arsenate 14. 28 
Azotobacter chroococcum, Bacillus rossicuS. .....cccccccccccccccctcccceces 26. 18 
Azotobacter chroococcum, Bacillus rossicus, 0.0728 gm. of lead arsenate 28. 00 
Azotobacter chroococcum, Pseudomonas effusa 13. 30 
Azoiobacter chroococcum, Pseudomonas effusa, 0.0728 gm. of lead arsenate. . 22. 68 
Azotobacter B 14. 46 
Azotobacter B, 0.0728 gm. of lead arsenate 21. 00 
PORE TE, EINCtEne COGNIEMO sg oi e500: oie ened Ket ba ee neerswsewee’ 15. 20 
Azotobacter B, Bacillus rossicus, 0.0728 gm. of lead arsenate 19. 60 
Azotobacter B, Pseudomonas effusa 14. 00 
Azotobacter B, Pseudomonas effusa, 0.0728 gm. of lead arsenate 21.00 








In this series, as in the previous series in which A. chroococcum was used, 
it did not fix as much nitrogen in the presence of arsenic as it did in the 
absence of it. A. chroococcum fixes nearly twice the quantity in the 
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presence of B. rossicus as in its absence, and when arsenic is added to the 
two there is an even greater fixation. This is also the case with P. 
effusa; measured in terms of the increased nitrogen fixed by A. chroo- 
coccum, it may therefore be safely concluded that both of the cellulose 
ferments are stimulated by lead arsenate. 

The Azotobacter B differs from the A. chroococcum in that it is 
directly stimulated by the arsenic, but is not as greatly helped by the 
cellulose ferment. In this case the lead arsenate greatly stimulates the 
activity of the cellulose ferments, and the stimulating influence is much 
greater with P. effusa, the normal habitat of which is this soil, than 
it is with B. rossicus. Hence, from this work it is safe to conclude that 
the cellulose organisms, so far as arsenic is concerned, obey the same 
laws as do the ammonifying, nitrifying, and nitrogen-fixing organisms 
of the soil. 

It has been noted throughout all of this work that the soil taken direct 
from the field was stimulated to a much greater extent by the arsenical 
compounds than was the air-dried soil. Furthermore, it was noted that 
the soil which had stood in the laboratory for a great length of time was 
stimulated only very slightly by arsenic. For these reasons a series of 
experiments was planned to throw more light upon this substance or 
organism which disappears on drying. 

Fred (1911) has suggested the use of filter paper for the separation of 
the protozoa. Later this has been shown by Kopeloff and others (1915) 
to be quite effective. Using this suggestion, 100-gm. portions of soil 
were placed in tumblers. To half of them was added 0.0728 gm. of lead 
arsenate, and the mixture was autoclaved until free from bacterial life. 
They were all inoculated with 10 c. c. of a solution obtained by shaking 
100 gm. of soil in 1,000 c. c. of sterile water and then filtering through 
three thicknesses of a fine grade of quantitative filter paper, after which 
they were incubated and nitrogen determined as in the previous set. 
The results are given in Table X as milligrams of nitrogen per 100 gm. 
of soil. All results are averages of six determinations made on that 
number of incubated samples. 


TABLE X.—Quantity of nitrogen (in milligrams) fixed in 100 gm. of sterile soil inocu- 
lated with filtered soil extract, with and without arsenic 





ar bo 0.0728 gm, of 
me incubated. 
Time incubate lead arsenate. 








16. 
3: 
2 


I. 
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It probably would have been better if in every case untreated soil 
could have been incubated with the variously treated soil, but this so 
greatly increased the number of determinations that it was not thought 
advisable. Furthermore, all the work has been done on the high-humus 
soil, A, without the addition of any carbohydrate, and repeated deter- 
minations have shown that the arsenic more than doubles the nitrogen 
fixed in the soil in 20 days, so that the absence of the stimulation can be 
safely attributed to the treatment. In the above results, it is readily 
seen that the soil extract on passing through filter paper loses to a very 
great extent its power of being stimulated by arsenic. Hence, it is safe 
to conclude that the main stimulating influence of arsenic upon nitrogen 
fixation is due to its suppressing something which is found in the soil and 
which is removed by the filter paper. 

That this factor is to a great extent the same as is removed by heat is 
shown by the results reported in Table XI. The arrangement of this 
series of experiments was as follows: 100-gm. portions of the soil were 
weighed into covered tumblers. To one-half of the set was added 
arsenic—o.0728 gm. to each 100 gm. of soil. The tumblers were all 
carefully sterilized and half of them were placed in the incubator in the 
sterile condition. To the others was added a soil extract prepared by 
shaking one part of soil with two parts of sterile distilled water for three 


minutes. After standing for about five minutes the liquid was decanted 
and 10 ¢. ¢. portions of this were used to inoculate the soil. Before 
inoculating, this extract was placed in thin-walled test tubes in 10 c. c. 
portions and then held at the required temperature for exactly 15 min- 
utes before adding to the soil. The moisture content was made up to 18 
per cent and the whole incubated for 20 days. Each reported result is 
the average of six closely agreeing determinations. 


TABLE XI.—Quantity of nitrogen (in milligrams) fixed in 100 gm. of soil, with and 
without arsenic, inoculated with soil extract 





0.0728 gm. . 
Temperature of soil extract (°C.). of lead arsenate —— 





8.77 es 
Q. 24 g. 00 
14. 28 14. 14 
12. 60 16. 38 
13. 85 14. 42 
12. 18 13. 02 
12. 88 II. 34 
13. 44 12. 66 
Il. 54 10. 36 











The heating of the soil extract to a temperature of 55° C. for 15 minutes 
changes the soil so that it is no longer stimulated by arsenic. The 
heating of the soil extract to a higher temperature stimulates its nitrogen- 
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fixing properties. It is not, however, increased by the addition of 
arsenic. Hence, it would appear as if the substance which is suppressed 
by the arsenic is very thermolabile and is easily injured by drying, for it 
has been repeatedly brought to our attention that the drying of the 
soil prevents the arsenic from greatly stimulating its nitrogen-fixing 
properties. Harden and Young (1911, p. 72; 1906) have shown that 
the addition of arsenates to a yeast-juice sugar solution greatly accelerates 
the rate of fermentation of such a mixture. The close analogy existing 
between the chemical properties of phosphorus and arsenic led to the 
idea that possibly the arsenic replaced the phosphorus in the reaction 
characteristic of phosphorus, but they found that this is not the case, 
for while the arsenic has an optimum concentration, as has the phos- 
phorus, there was no direct relationship between the amount of arsenate 
added and the extra amount of fermentation, the arsenic in this way 
acting more like a catalyzer than does the phosphorus. Furthermore it 
was shown that fermentation can not proceed in the absence of phos- 
phorus, even though there be present either arsenates or arsenites. The 
arsenic acts mainly as a liberator of the phosphorus from the hexosephos- 
phates and does not of itself enter into the vital reactions of the cell as 
does the phosphorus. 

These facts make it likely that a similar action may be exerted by the 
arsenic upon the bacteria. For these reasons a series of experiments 
was. arranged in which the phosphorus had been replaced by arsenic. 
These were carried on in the nitrogen-free quartz sand. To each 100 gm. 
of the sand there was added the quantity of carefully tested nutrient 
without phosphorus found in 100 c. c. of Ashby’s solution. To one-half 
of them was added the phosphorus, while to the other half.there was 
added 0.0728 gm. of lead arsenate. They were each inoculated with 
1 c. c. of a soil extract and then incubated the regular length of time. 
The nitrogen determinations were made on them and sterile blanks with 
the following results: When incubated with complete Ashby’s solution 
and 0.0728 gm. of lead arsenate, 100 gm. of sand fixed 11.62 mgm. of 
nitrogen. Similar samples without phosphorus but with arsenic fixed 
0.03 mgm., while without phosphorus or arsenic there was fixed 0.01 
mgm. of nitrogen. The results for the set with the complete nutritive 
media show that sufficient of the soil extract was taken to get the nitrogen- 
fixing organism, and the results without phosphorus show that there was 
not sufficient phosphorus in the 1 c. c. of soil extract to furnish phosphorus 
for the organisms. These results show conclusively that arsenic can not 
replace phosphorus in the vital activities of the nitrogen-fixing organisms 
of the soil, and establish for this set of organisms what Stoklasa (1897) 
has established for the higher phanerogams, Molisch (Lafar, 1911, p. 37) 
for alge, Giinther (1897) for the molds, and Harden and Young (1906) 
for the yeasts. 
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There is still the possibility that the arsenic liberates the phosphorus 
from its insoluble compounds in the soil and thus makes it more available 
to the micro-organisms. If this be the case, one would think that the 
addition of soluble phosphates to the soil investigated would increase its 
nitrogen-fixing powers. Experiments, however, did not bear out this 
assumption, for just as large a quantity of nitrogen was fixed in the 
absence of the soluble phosphate as in its presence. This was probably 
due to the fact that the soil under investigation was well supplied in the 
natural condition with soluble phosphorus. But that the arsenic did 
have an influence upon the solubility of the phosphorus of the soil was 
shown by the following experiment: 100-gm. portions of the soil were 
placed in covered tumblers. Of these, 24 received 0.0728 gm. of lead 
arsenate each, while the other 24 received none. The moisture was made 
up to 18 per cent and incubated for 20 days. At the end of this time the 
water-soluble phosphorus was determined in 12 of the treated and 12 of 
the untreated soils by extracting with 500 c. c. of distilled water and deter- 
mining the phosphorus in the extract (Greaves, 1910). As an average of 
the 12 closely agreeing determinations of the soil treated with arsenic 
there was obtained 0.59 mgm. of water-soluble phosphorus, while the 
untreated soils yielded 0.52 mgm. This is a slightly greater quantity 
in the arsenic-treated soil than in the untreated, which is probably 
due to the fact that more of the phosphorus had been changed in the body 
of the soil organisms to nucleoproteins or phosphoproteins. That this is 
the correct interpretation is shown by the results obtained from the 
remaining samples. Twelve of these samples, six with and six without 
arsenic, were digested for six hours with 100 c. ¢c. of 12 per cent hydro- 
chloric acid and the phosphorus determined in the filtrate. The other 
samples were ignited and the phosphorus extracted by the 12 per cent 
hydrochloric acid determined. The average of the results thus obtained 
is given in the tabular form below: 

SAMPLES NOT IGNITED: 


Sales Witt MUNN a3: ind ves Uomgoasenenns 105. 6 mgm. of phosphorus. 
Sonl without atsewle 6. 6666s ks cesecessecs too. o mgm. of phosphorus. 





Excess of acid-soluble phosphorus in 


GAT WUT MARRIES 8660 c ccdiccccess 5. 6 mgm. of phosphorus. 
SAMPLES IGNITED: 

Saal WH MBN Gio sn iis onc ics socswedecs 107. 7 mgm. of phosphorus. 

Soil without aFGiic. .......0.0060 0 sssce0c0 too. 8 mgm. of phosphorus. 


Excess of acid-soluble phosphorus in 
GOT WIN PORN otis 5 kc 6c. less 6. 9 mgm. of phosphorus. 
This would give by the Schmoeger method 2.10 mgm. of organic phos- 
phorus in the arsenic-treated soil, while in the untreated soil therewas 
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only 0.80 mgm. of organic phosphorus. This excess of organic phosphorus 
could not have come from the water-soluble phosphorus, as there was a 
difference of only 0.07 mgm. in the two soils; hence, it must be concluded 
that the arsenic increases the solubility of the phosphorus. This, how- 
ever, may be due either to a direct interchange between the insoluble 
phosphorus of the soil and the arsenic or to its action upon bacteria, which 
causes them to become more active in growth and formation of various 
acids which act upon the insoluble phosphates of the soil, rendering them 
soluble. 

GENERAL CONSIDERATIONS 


The data reported prove conclusively that the arsenical compounds, 
with the single exception of Paris green, stimulate the nitrogen-fixing 
organisms of the soil and that this influence varies qualitatively but not 
quantitatively with the various soils. The results also bring out the fact 
that both the anion and the cation of the compounds have a marked 
influence upon the growth of the organisms. With some compounds 
both the anion and cation act as stimulants, while with others one stimu- 
lates and the other is markedly toxic. It is likely that little or no influ- 
ence is exerted upon the nitrogen-gathering organisms by the sodium (Lip- 
man and Sharp, 1912), and that the stimulating influence noted with 
dilute solutions and the toxic influence exerted with more concentrated 
solutions are due entirely to the arsenic. It is quite likely that the 
stimulating influence which Riviére and Bailhache (1913) have found 
sodium arsenate to have upon wheat and oats is an indirect effect which is 
exerted upon the bacterial flora of the soil and which in turn influences the 
yield of the various grains. 

Both the anion and cation undoubtedly act as stimulants in the lead 
arsenate. Stoklasa (1913) has shown that lead when present in soil 
stimulates the growth of higher plants. This he (1911) ascribes to the 
catalytic action of these elements on the chlorophyll. The results herein 
reported, together with those previously published (Greaves, 19132), 
indicate that it is due to the influence of the compounds upon the biologi- 
cal transformation of the nitrogen in the soil. The fact that the lead 
plays no small part in the stimulating influence is borne out by the work 
of Lipman and Burgess (1914), who found lead to stimulate nitrifying 
organisms. 

Paris green is toxic to the nitrogen-fixing organisms in the lowest con- 
centration tested. This is due to the copper and not to the arsenic, as it 
is well known that the copper ion is a strong poison to many of the lower 
plants. Brenchley (1914) found it to be toxic to higher plants when 
present in water to the extent of 1 part in 4,000,000,000. Although 
Russell (1912, p. 47) states that it is not as toxic in soil as in 
water, Darbishire and Russell (1905) found it to be toxic in soils, and 
they failed to get a stimulating influence with it. Montemartini (1911) 
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has noted a stimulation with copper sulphate when used in dilute solu- 
tions. This, however, may have been due to the anion and not to the 
cation, as sulphates do stimulate plants by their action on insoluble 
constituents of the soil (Greaves, 1910, p. 298). The same interpreta- 
tion could be placed upon the results obtained by Lipman and Wilson 
(1913) and also those reported by Voelcker (1913), in which they noted a 
stimulation with copper salts. Clark and Gage (1906) have found that 
very dilute solutions of copper have an invigorating influence upon bac- 
terial activity. In order that the stimulation may be noted the copper 
must be present in small quantities. Jackson (1905) found that 1 part of 
copper sulphate in 50,000 parts of water killed Bacillus coli and B. 
typhosus. Kellerman and Beckwith (1907) found that the common 
saprophytic bacteria are more resistant to copper than is B. coli. There 
is considerable evidence (Lipman and Burgess, 1914; Greaves, 19138, p. 
8) that copper stimulates the ammonifying and nitrifying organisms 
of the soil, but these results show the nitrogen-fixing organisms of the 
soil to be very sensitive to copper, and if it does act as a stimulant it 
must be in extremely dilute solutions. The toxicity of the copper in the 
Paris green is great enough in the dilution of 10 parts in 1,000,000 to 
offset the great stimulating influence of the arsenic in combination with it. 

The very marked stimulating influence noted where the arsenic 
trisulphid is used is very probably due to both the arsenic and the 
sulphur. Demolon (1913) attributed much of the fertilizing action of 
sulphur to its action upon bacteria, and Vogel (1914) found that sulphur 
decidedly increased the activity of the nitrogen-fixing organisms. The 
results which Russell and Hutchinson (1913, p. 173) obtained with calcium 
sulphid are interesting in this connection. They found that after 30 
days there were five times as many organisms in the soil to which calcium 
sulphid had been added as in the untreated soil, and the yield of ammonia 
and nitrates in this time was one-third greater in the treated soil than 
in the untreated soil. This, in turn, reacts upon the crop harvested, as 
shown by Shedd (1914, p. 595). 

The first part of the curve (fig. 1) for the zinc arsenite nearly coincides 
with that of the sodium arsenate, but the zinc arsenite stimulates in 
greater concentrations than does the sodium arsenate. This is partly 
due to the difference in solubility of the two compounds, but there is 
another factor which enters, and that is that the zinc also acts as a stimu- 
lant. Latham (1909) found that small quantities of zinc stimulated 
alge. The same results have been obtained by Silberberg (1909) in 
working with higher plants. Ehrenberg (1910) concludes that zinc salts 
are always toxic when the action is simply on the plant, but that they 
may lead to increased growth through some indirect action on the soil. 
He found that zinc stimulated plant growth in soils, but when the soil 
was sterilized the zinc became toxic. Lipman and Burgess (1914, p. 133) 
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have shown that it does stimulate the nitrifying organisms and that the 
influence is shown by the yield obtained from such soils (Lipman and 
Wilson, 1913). The great variation in the results reported by the vari- 
ous investigators for zinc, arsenic, and lead is probably due to the fact 
that it modifies the bacterial flora of the soil, and when heated soil or 
water cultures are used a different result is noted. This, however, is not 
the only factor which enters, for these results show a marked difference 
in soil and in water. ‘The lead arsenate stimulates the nitrogen-fixing 
organisms when placed in soils but becomes very toxic to the same 
organisms when placed in nutritive solutions. 

The difference is due in part to the adsorption of the soil, but in this 
case we would have to attribute it to the silica compounds of the soil, for 
the nitrogen-fixing organisms are stimulated by arsenic in quartz sand 
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Fic. 2.—Graph showing the effect of aeration on the nitrogen-fixing activity of soil containing compounds 
of arsenic. 


free from organic colloids. In this case the arsenic becomes concen- 
trated at the surface, layers of the silica leaving the inner part of the 
water film comparatively free from arsenic, in which the micro-organisms 
multiply and carry on their metabolic processes. This being the case, 
one should, and probably could, find a water solution weak enough to 
stimulate bacteria. A great difference, however, between the solution 
and the sand-culture method is the greater aeration in the latter than in 
the former. That the aeration of a cultural medium does play a great 
part in determining the activity of the nitrogen-fixing powers of a soil is 
very strikingly brought out in figure 2. The graphs in this figure are 
made from the data given in Tables IV, V, and X. 

It is remarkable how the aeration of the soil or the filtering of the soil 
extract can prevent the great loss of nitrogen which is noted at first in 
the unaerated soil. This can not be attributed directly to the denitrifying 
organisms; otherwise it would not be removed by filtration. The graphs 
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also bring out the fact that the addition of arsenic and the filtering of 
the soil only shift for the time the equilibrium within the soil, and later 
it tends to regain its old equilibrium. This is a condition which coincides 
well with what one would expect if the limiting element were some other 
microscopic forms of life. The filter would not separate them quanti- 
tatively, and it is possible that the arsenic has only a selective influence. 
Later, many of the organisms become accustomed to its presence; or, 
what is more likely, the arsenic becomes fixed (McGeorge, 1915) within 
the soil. 

That this limiting factor is a thermolabile body is brought out more 
clearly in figure 3, which is made from the data reported in Table XI. 


920 


420 


- 60 ese 
Fic. 3.—Graph showing the effect of heat on the nitrogen-fixing power of soil treated and not treated 
with arsenic, 

The quantity of nitrogen fixed by the unheated soil receiving no arsenic 
has been taken as 100 per cent, and the heated soil with and without 

arsenic is compared with this. 

The heating of the soil extract to 50° C. for 15 minutes has exactly 
the same influence measured in terms of nitrogen fixed as does 0.0728 
gram of lead arsenate. The stimulating influence of heat is noted even 
in the presence of arsenic and reaches its maximum effect in the absence 
of arsenic at 60°, while in the presence of arsenic at 65° above these 
temperatures there is a decline in the nitrogen fixed. But even the soil 
inoculated with solutions which had been heated to a temperature of 85° 
fixed nitrogen; or at least there is more nitrogen accumulated in such soil 
than in that inoculated with the untreated soil solution. The results indi- 
cate that many of the organisms which take part in the gathering of nitro- 
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gen in this soil are very resistant to heat. It is also significant that the 
greatest stimulating influence is exerted in soil which had been inoculated 
with solutions heated just above what Cunningham and Lohnis (1914) 
found to be the thermal death point of soil protozoa. 

The data presented in this paper, together with these presented in 
former publications, make it possible to compare the sensitiveness of the 
ammonifying, nitrifying, and nitrogen-fixing organisms toward the 
various arsenical compounds. Figure 4 represents the percentage of 
activity of the various classes of organisms in the presence of 400 
p. p. m. of arsenic in the form of the various arsenical compounds. The 
untreated soil has been taken in every case as 100. The ammonifying 
organisms are retarded more by the lead arsenate than the nitrogen- 
fixing or nitrifying organisms. The latter two are influenced in nearly 
the same way by this concentration of lead arsenate. All three types 
of organisms are influenced in the same order by the arsenic trisulphid, 
while with the zinc arsenite the nitrogen-fixing and nitrifying organ- 
isms act about normally in concentrations of 400 p. p. m. of arsenic, 
but the ammonifiers are greatly depressed. Paris green stimulates the 
nitrifiers, but greatly depresses the other types of organisms. The 
results, with the exception of copper, show that the nitrifying and 
nitrogen-fixing organisms are very similar. 

In figure 5 are shown graphically the quantities of arsenic in the form 
of various arsenicals which are required by the different organisms to 
give the greatest stimulation. 

It has been shown that stimulation within a specific group of organisms 
varies with the quantity of water-soluble arsenic and the stimulating 
influence of the electropositive ion associated with the arsenic. But 
when we examine stimulation by these substances with different groups 
of organisms, we find a marked difference which can not be attributed 
to solubility but must be due to a physiological difference existing 
in the various organisms; for instance, the nitrogen-fixing organisms 
require 200 p. p. m. of arsenic in the form of lead arsenate for the 
greatest stimulation, while the nitrifiers and ammonifiers require much 
smaller quantities. For maximum stimulation with arsenic trisulphid 
the nitrogen-fixing organisms require the greatest concentration, fol- 
owed by the nitrifying and ammonifying organisms in the order given. 
Zinc arsenite, on the other hand, has to be present in large quantities 
for a maximum stimulation of the nitrifying organisms, while very small 
quantities give a maximum stimulation with the other two groups of 
organisms. Practically the same order is followed by the organisms in 
the presence of sodium arsenate and Paris green, there being, however, 
this significant difference, that neither the ammonifiers nor the nitrogen- 
fixing organisms are stimulated in any concentration by the presence of 
copper, and it is quite possible that the same holds for the nitrifying 
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organism. This set of organisms are, however, more resistant to copper 
than are others, and what we have occurring is a suppression of other 
types which feed on nitrates, thus permitting a greater accumulation 
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Fic. s.—Graph showing parts per million of various arsenic compounds in the soil at which the greatest 
stimulation occurred. 

of nitrates under these conditions. While not so likely in the other 

cases, the same possibility does arise. This, however, can be answered 

definitely only by further experiments. 
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SUMMARY 


Arsenic, when applied to a soil in the form of lead arsenate, sodium 
arsenate, arsenic trisulphid, or zinc arsenite, stimulates the nitrogen-fixing 
powers of the soil. This stimulation is greatest when lead arsenate is 
applied and least when zinc arsenite is applied. Paris green did not stimu- 
late in any of the concentrations. This compound becomes very toxic 
when the concentration reaches 120 p. p.m. The toxicity of this com- 
pound is due to the copper and not to the arsenic contained in it. 
Sodium arsenate became toxic when a concentration of 40 p. p. m. 
of arsenic was added, and when 250 p. p. m. were added it entirely 
stopped nitrogen fixation. Lead arsenate was not toxic even at a con- 
centration of 400 p. p. m. of arsenic. The toxicity of arsenic trisulphid 
and zinc arsenite was very small at this concentration. 

The stimulation noted when arsenic is added to a soil is not due to any 
inherent peculiarity of the soil used, for soils which vary greatly in 
physical and chemical properties had their nitrogen-fixing powers greatly 
increased when arsenic was applied tothem. Soils high in organic matter 
fixed as much nitrogen in the presence of arsenic and in the absence of 
mannite as they did in the presence of mannite and absence of arsenic. 
The stimulation is greatest when the water-soluble arsenic content of the 
soil is about 10 p. p. m. This quantity exceeds that found in most 
soils, so it is likely that in agricultural practice arsenic will stimulate 
and not retard bacterial activity in the soil. 

Only one type of Azotobacter was isolated which was stimulated by 
arsenic, and in this case the stimulation was due to the organism utilizing 
more economically in the presence of arsenic its source of carbon than it 
did in the absence of arsenic. The arsenic compounds do not act as a 
source of energy to the organisms. The main part of the stimulation 
noted in the soil with its mixed flora is undoubtedly due to the arsenic 
inhibiting injurious species. 

A quantity of arsenic which acts as a stimulant to bacteria when placed 
in soil may become very toxic when tested by the Remy-solution method. 

Arsenic can not replace phosphorus in the vital process of the nitrogen- 
fixing organisms, but it can in some manner liberate the phosphorus from 
its insoluble compounds. This may be either a direct or an indirect 
action. 

Arsenic stimulates the cellulose ferments, and these in turn react upon 
the activity of the nitrogen-fixing organisms. 

The nitrogen-fixing powers of soil extract, of filtered soil extract, and 
soil dried for some time are only slightly stimulated by arsenic, showing 
that arsenic acts mainly by the removal of a thermolabile body which 
occurs in the soil. 





414 _ Journal of Agricultural Research Vol. VI, No. 11 





LITERATURE CITED 
AsuBy, S. F. 


1907. Some observations on “‘nitrification.’’ In Jour. Agr. Sci., v. 2, pt. 1, p. 52-67. 
BRENCHLEY, Winifred E. 
1914. Inorganic Plant Poisons and Stimulants. 110 p., 19 fig. Cambridge. 
CiarK, H. W., and Gace, S. DeM. 
1906. On the bactericidal action of copper. In Jour. Infect. Diseases, Sup. 2, p. 
175-204. 
CUNNINGHAM, Andrew, and Léunis, Felix. 
1914. Studies on soil protozoa. I. The growth of protozoa on various media and the 
effect of heat on active and encysted forms. In Centbl. Bakt. [etc.], Abt. 
2, Bd. 39, No. 23/25, p. 596-610. 
DARBISHIRE, F. V., and RussELL, E. J. 
1907. Oxidation in soils, and its relation to productiveness. II. The influence of 
partial sterilisation. Jn Jour. Agr. Sci., v. 2, pt. 3, p. 305-326, 3 fig. 
DEMOLON, A. . 
1913. Recherches sur 1’action fertilisante du soufre. Jn Compt. Rend. Acad. Sci. 
[Paris], t. 156, no. 9, p. 725-728. 
EHRENBERG, Paul. 
1910. Wirkung des Zinks bei Vegetationsversuchen. Zugleich Beitrage zur Am- 
moniakfrage II. In Landw. Vers. Stat., Bd. 72, Heft 1/2, p. 15-142, pl. 1-6. 
FRrep, E. B. 
1911. Uber die Beschleunigung der Lebenstatigkeit héhrer und niederer Pflanzen 
durch kleine Giftmengen. In Centbl. Bakt. [etc.], Abt. 2, Bd. 31, No. 
5/10, p. 185-245, 1 fig. 
GREAVES, J. F. 
1910. Effects of soluble salts on insoluble phosphates. Jn Jour. Biol. Chem., v. 7, 
no. 4, p. 287-307. 


1913a. The influence of arsenic upon the biological transformation of nitrogen in 
soils. In Biochem. Bul., v. 3, no. 9, p. 2-16. 


1913b. The occurrence of arsenic in soils. In Biochem. Bul., v. 2, no. 8, p. 519-523. 


1913c. Some factors influencing ammonification and nitrification in soils. I. In- 
fluence of arsenic. Jn Centbl. Bakt. [etc.], Bd. 39, No. 20/22, p. 542-560. 

1913d. Some factors influencing the quantitative determination of arsenic in soi!s. 
In Jour. Amer. Chem. Soc., v. 35, no. 2, p. 150-156, 1 fig. 


1914. A study of the bacterial activities of virgin and cultivated soils. Jn Centbl. 
Bakt. [etc.], Abt. 2, Bd. 41, No. 11/17, p. 444-459. 
Gointuer, E. 
1897. Beitrag zur mineralischen Nahrung der Pilze. Inaugural-Dissertation. 
Erlangen. (Abstract.) Jn Bot. Ztg., Abt. 2, Jahrg. 55, No. 24, p. 379. 
Harpen, Arthur. 
1g1r. Alcoholic fermentation. 128 p., 8 fig. London, New York. Bibliography, 
p. 115-126. 
and Youne, W. J. 
1906. Influence of sodium arsenate on the fermentation of glucose by yeast-juice. 
(Preliminary notice.) Jn Proc. Chem. Soc. [London], v. 22, no. 315, 
p. 283-284. 








June 12, 1916 Influence of Arsenic upon Soil Organisms 415 





HorFFrMann, C., and HAMMER, B. W. 

1910. Some factors concerned in the fixation of nitrogen by Azotobacter. Wis. 

Agr. Exp. Sta. Research Bul. 12, p. 155-172, 2 fig. 
Jackson, D. D. 3 

1905. Purification of water by copper sulphate. (Abstract.) Jn Rev. Amer. 
Chem. Research, v. 11, no. 12, p. 675 (Jour. Amer. Chem. Soc., v. 27, 
no. 12). 1905. Original article in Municipal Engin., v. 29, no. 4, p. 245-246. 
1905. Not seen. 

J6nsson, B. 

1896. On the influence of arsenic on the germination of seeds. (Abstract.) In 
Exp. Sta. Rec., v. 8, no. 3, p. 232-233. 1896. Original article in Kgl. 
Landt. Akad. Handl., bd. 35, p. 95-112. 1896. Not seen. 

Kanpa, Masayasu, 

1904. Studien iiber die Reizwirkung einiger Metallsalze auf das Wachstum hdherer 

Pflanzen. Jour. Col. Sci. Imp. Univ. Tokyo, v. 19, art. 13, 39 p., 1 pl. 
KELLERMAN, K. F., and Beckwitu, T. D. 

1907. The effect of copper upon water bacteria. In U.S. Dept. Agr. Bur. Plant 
Indus. Bul. 100, p. 57-71. 

McBeth, I. G., ScaLes, F. M., and Surru, N. R. 

1913. Identification and classification of cellulose-dissolving bacteria. Jn Centbl. 
Bakt. [etc.], Abt. 2, Bd. 39, No. 20/22, p. 502-522, 2 pl. 

Kopetorr, Nicholas, Lint, H. C., and CoLeman, D. A. 
1915. Separation of soil protozoa. Jn Jour. Agr. Research, v. 5, no. 3, p. 137-140. 
Literature cited, p. 139-140. 
Larar, Franz. 
1911. Technical Mycology. v.1. London. Cites Molisch, p. 37. 
LaTHaM, M. E. 

1909. Nitrogen assimilation of Sterigmatocystis nigra and the effect of chemical 

stimulation. Jn Bul. Torrey Bot. Club, v. 36, no. 5, p. 235-244. 
Lipman, C. B., and Burcgss, P. S. 

1914. The effect of copper, zinc, iron, and lead salts on ammonification and nitrifica- 

tion in soils. Jn Univ. Cal. Pub. Agr. Sci., v. 1, no. 6, p. 127-139. 
and SHarp, L. T. 

1912. Toxic effects of “alkali salts’’ in soils on soil bacteria. III. Nitrogen fixa- 

tion. In Centbl. Bakt. [etc.], Abt. 2, Bd. 35, no. 25, p. 647-655, 1 fig. 
and Wiison, F. H. 

1913. Toxic inorganic salts and acids as affecting plant growth. (Preliminary com- 

munication.) In Bot. Gaz., v. 55, no. 6, p. 409-420. 
McGeorcE, W. T. 

1915. Fate and effect of arsenic applied as a spray for weeds. Jn Jour. Agr. Re- 

search, v. 5, no. 11, p. 459-463. 
Muuer, N. H. J. 

1914. Agricultural chemistry and vegetable physiology. In Ann. Rpts. Prog. 

Chem., v. 10, 1913, Pp. 211~232. 
MONTEMARTINI, Luigi. 

1911. The stimulating effect of sulphate of manganese and sulphate of copper on 
plants. (Abstract.) Jn Internat. Inst. Agr. [Rome], Bul. Bur. Agr. Intel. 
and Plant Diseases, year 2, No. 11/12, p. 2467. 1911. Original article in 
Staz. Sper. Agr. Ital. v. 44, fasc. 7, p. 564-571. 1911. Not seen. 

NossE, F., BAESSLER, P., and Wit, H. 

1884. Untersuchung tiber die Giftwirkung des Arsen, Blei, und Zink in pflanzli- 
chen Organismus. Jn Landw. Vers. Stat., Bd. 30, p. 381-4109, pl. 2. 

37768°—16——3 





416 Journal of Agricultural Research Vol. VI, No. 11 





RivizRE, Gustave, and BAILHACHE, Gabriel. 
1913. De 1’influence des substances catalytiques. Jn Jour. Soc. Nat. Hort. France, 
Ss. 4, t. 14, p. 782-788. 
RUSSELL, E. J. 
1905. Oxidation in soils and its connection with fertility. In Jour. Agr. Sci., v. 1, 
pt. 3, p. 261-279, 2 fig. 


1912. Soil Conditions and Plant Growth. 168p. London, New York. A selected 
bibliography, p. 154-156. 
and Hutcuinson, H. B. 
i913. The effect of partial sterilization of soils on the production of plant food. II. 
The limitation of bacterial numbers in normal soils and its consequences. 
In Jour. Agr. Sci., v. 5, pt. 2, p. 152-221, 7 fig. 
SHEpDD, O. M. 
1914. The relation of sulfur to soil fertility. Ky. Agr. Exp. Sta. Bul. 188, p. 593-630. 
SILEERBERG, Berenice. . 
1909. Stimulation of storage tissues of higher plants by zine sulphate. Jn Bul. 
Torrey Bot. Club, v. 36, no. 9, p. 489-500, 4 fig. 
STOKLASA, Jules, 
1897. De la substitution de l’acide arsénique a l’acide phosphorique dans la nutri- 
tion de la plante. Jn Ann. Agron., t. 23, no. 10, p. 471-477. 


1911. Catalytic fertilizers for sugar beets. (Abstract.) Jn Exp. Sta. Rec., v. 26, 
p. 225, 1912; Chem. Ztg., Bd. 35, No. 86, Repert., p. 361, 1911. Original 
article in Bl. Zuckerriibenbau, Bd. 18, No. 11, p. 193-197, 1911. Not seen. 


1913. Del’influence de l’uranium et du plomb sur la végétation. In Compt. Rend. 
Acad. Sci. [Paris], t. 156, no. 2, p. 153-155. 
VOELCKER, J. A. 
1913. Pot-culture experiments, 1913. In Jour. Roy. Agr. Soc. England, v. 74, p. 
411-422, 10 pl. 
VOGEL, J. 
1914. Die Einwirkung von Schwefel auf die bakteriellen Leistungen des Bodens. 
In Centbl. Bakt. [etc.], Abt. 2, Bd. 40, no. 1/8, p. 60-83. 





TRANSMISSION AND CONTROL OF BACTERIAL WILT 
OF CUCURBITS! 


By Freperick V. Ranp, Assistant Pathologist, and Euia M. A. Entows, Scientific 
Assistant, Laboratory of Plant Pathology, Bureau of Plant Industry 


WILT TRANSMISSION 


That the striped cucumber beetle (Diabrotica vittata Fab.) is a direct 
carrier of the bacterial-wilt organism (Bacillus tracheiphilus) from infected 
to healthy cucurbits was shown several years ago by Smith.? He also 
expressed the conviction that it was the most important, if not the only, 
summer carrier, and stated the possibility of its serving also as the winter 
carrier of the disease. Observation and experiment by the senior writer ® 
during the last two seasons have abundantly confirmed the implication 
of the striped cucumber beetle as a summer carrier and have brought out 
strong proof that this insect is not only the principal summer carrier but 
also the winter carrier of the wilt organism. The twelve-spotted cucumber 
beetle (D. duodecimpunctata L,.) must be included with the striped cucum- 
ber beetle at least as an important summer carrier of the disease. 


INSECT TRANSMISSION 


Relative to cucumber beetles as winter carriers, several direct cold- 
storage tests have been carried out by the writers in Washington. During 
the summer and fall of 1915 hundreds of beetles were collected and 
placed in cold storage at temperatures ranging from 4° to 10° C. These 
early experiments were conducted partly with a view to determining 
the proper conditions of feeding prior to storage and the temperature 
and humidity most favorable to hibernation in storage. The optimum 
environment for hibernation varies for different insects, and it is neces- 
sary to work out this problem for each species. Consequently in these 
preliminary tests the greater portion of the beetles placed in cold storage 
was lost. Infection experiments with the few surviving beetles gave the 
results here detailed. 

EXPERIMENT 1.—Several striped cucumber beetles were collected in October, 
1914, and fed about two weeks on cucumber vines (Cucumis sativus) wilting as a 
result of natural infection with B. tracheiphilus. After six weeks’ hibernation in cold 
storage the five surviving beetles were caged with a young squash plant on which 





1 Some of the details of the field experiments at East Marion, N. Y., were carried out by Mr. Wayland 
C. Brown, of the Bureau of Plant Industry. ‘The land used in these experiments was furnished by Messrs. 
J. H. Douglass and G. S. Nowell, of East Marion. 

2 Smith, Erwin F. Bacteria in relation to plant diseases. v. 2, p. 215. Washington, D. C., rorr. 

— A conspectus of bacterial diseases of plants. Jn Ann. Mo. Bot. Gard., v. 2, no. 1/2, p. 390. 1915. 

3 Rand, F. V. Dissemination of bacterial wilt of cucurbits. Jn Jour. Agr. Research, v. 5, no. 6, p. 
257-260, pl. 24. rors. 
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they were allowed to feed for 11 days. Observation after two weeks showed unmis- 
takable signs of incipient wilt around some of the beetle injuries on the leaves— that is, 
a lighter dull green and slight flaccidity of the tissues. With the expectation that 
the wilt would extend throughout the leaves the pouring of plates was deferred. 
However, these incipient infection areas dried up without spreading further, and 
consequently it was impossible to obtain cultures. That B. tracheiphilus was present 
in the wilted vines fed to these beetles was shown by the subsequent inoculation of 
cucumbers, cantaloupes, and squashes with cultures obtained from these wilted 
vines (strains R230 and R235). Numerous inoculations with these two strains have 
shown them to be virulent upon cucumbers and cantaloupes, but inoculations on 
several varieties of squash have given nothing more than incipient infection. 

EXPERIMENT 2.—On October 25, 1915, striped cucumber beetles were collected at 
Giesboro Point, D. C., in a squash field where bacterial wilt was very prevalent. 
These beetles were fed for three days on plants which were wilting as a result of inocu- 
lation with pure cultures of B. trachetphilus. They were then placed in small boxes 
provided with screened covers, and held in the ice compartment of a refrigerator at a 
temperature of about 10° C. for five weeks and four days. At the end of this time 
(Dec. 6) the beetles were removed and placed in cages containing young cucumber 
plants. Four to six beetles were placed in each of the six cages used, each cage con- 
taining three young plants. After being allowed to feed on these plants for 10 days 
the beetles were removed and the plants kept in one of the Department greenhouses 
where there had been no cucurbit wilt since the preceding spring and where no cucur- 
bitaceous insects were present. 

On December 17 leaves injured by the beetles on three of these plants were wilted. 
Microscopic examination showed bacteria present in great number in the vessels of the 
petioles, and poured plates from the wilted leaves and petioles gave pure cultures of 
the wilt organism (strain R313). Needle-prick inoculations from these cultures again 
gave typical wilt on cucumber plants. On December 24 a gnawed leaf on a fourth 
plant was found wilting, and was removed from the plant. Enormous numbers of 
bacteria were present in the vascular tissues, and cultures (strains R315 and En126) 
isolated therefrom gave also successful infection when pricked into the leaves of 
young cucumber plants. From the portion of petiole remaining the wilt gradually 
extended throughout the plant, which finally collapsed. On January 4 another 
plant was found entirely wilted. The gnawed leaf which had wilted first, and from 
which the wilt had spread throughout the plant, was photographed and preserved. 
Cultures (strain En124) and paraffin sections (En36) were made from the petiole of 
this leaf. The organism isolated gave typical infections when inoculated into cucum- 
ber plants. 

EXPERIMENT 3.—Another lot of D. vittata collected in the squash field referred to 
in experiment 2 was fed for three days on old wilting stems of squash (C. maxima) col- 
lected in the same field. After keeping these beetles in storage for two months under 
the same conditions as in experiment 2, they were removed and caged for five days 
with 12 young cucumber plants. Although these plants were under observation for 
over two months no wilt appeared in any of them. 

EXPERIMENT 4.—On December 16, 1915, five specimens of D. vittata and four of 
D. duodecimpunctata hibernating under natural conditions in the squash field at 
Giesboro Point, D. C., were sifted from the surface soil and taken to the greenhouse. 
The striped and spotted beetles were placed at once in separate cages, each containing 
three young cucumber plants. Although the beetles fed freely on these plants, the 
results of this experiment were negative. 


The negative results in experiment 3 possibly may be explained by 
the fact that the wilted plants fed to the beetles were old, ripe squash 
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vines which had been diseased for a long time. Doubtless few living 
organisms were present, since great difficulty was experienced in obtain- 
ing cultures of B. tracheiphilus from this field (strains En1o2 and Enr1o). 
The beetles used in experiment 4 were collected when hibernating in a 
field where wilt was known to have occurred, but it is evidently not pos- 
sible to determine whether they had fed upon wilted plants. On the 
other hand, it is not reasonable to assume that all beetles which have 
fed upon wilted plants would necessarily be able to carry infection 
on their mouth parts for any great length of time. Experiments 1 
and 2 show that at least in some cases the striped beetles may 
carry the wilt organism for at least five or six weeks and still be able 
to infect healthy plants. This, in connection with the field experiments 
previously published,’ seems to establish beyond doubt that D. vittata 
is a winter carrier of the cucurbit organism.? Experiments with other 
species of insects have thus far given negative results, as here detailed. 

In each of seven tests carried out with the common squash bug (Anasa 
tristis DeG.) during the summer and fall of 1915 in field and greenhouse, 
two to six of these insects were fed for one to three days on wilted cucum- 
ber leaves and petioles and then inclosed with several healthy cucumber 
plants. After feeding on these plants for one to two days the bugs 
were removed and the plants kept under observation for three to four 
weeks. No wilt appeared in any of these plants, but no absolute con- 
clusion can be drawn from the negative results of so small a series of 
tests. 

The twelve-spotted (or squash) lady beetle (Epilachna borealis Fab.) 
was very scarce in eastern Long Island during the season of 1915, but 
two tests with it similar to those outlined above gave negative results. 

The melon aphis (A phis gossypit Glov.) and the flea beetle (Crepidodera 
cucumeris) apparently do not serve as wilt carriers. This has been 
shown by the negative results from transfer of insects fed upon wilted 
plants to healthy cucumber plants in insect-proof cages (three tests), 
and by the fact that no wilt developed during the season in cucumber 
plants grown in 48 large screened cages (East Marion, Long Island, N. Y., 
1915), although numerous wilted plants occurred around all of these 
cages, and aphids and flea beetles had free access through the meshes 
of wire netting and were abundant both outside and inside the cages. 

In only 2 out of 50 cages did wilt appear and in these cases striped 
cucumber beetles had gained access or had been purposely introduced, 
and the disease had started from points gnawed by the beetles. 





1 Rand, F. V. Op. cit. 

2 Wild cucurbits may be eliminated as possible carriers of bacterial wilt so far as the experiments at 
East Marion are concerned. Personal observations, together with those of Burnham and Latham 
(Burnham, Stewart H., and Latham, Roy A. The flora of the town of Southold, Long Island and Gar- 
diner’s Island. Jn Torreya, vol. 14, nos. 11-12, 1914), and a search through the herbaria of the New York 
and Brooklyn Botanical Gardens, have established beyond doubt that no wild Cucurbitaceae occur within 
10 to 15 miles of the experimental plots. 
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In each of eight direct summer field tests, one to five striped cucumber 
beetles were fed for one to three days on wilting cucumber leaves and 
petioles and then at once caged up with several healthy young cucumber 
plants. In six out of these eight tests bacterial wilt appeared in one to 
two weeks and only on plants gnawed by the beetles. 

In the two fields (East Marion, Long Island, N. Y.) where spray tests 
were carried out during the season of 1915 the prevalence of bacterial wilt 
closely followed that of the striped cucumber beetle. Throughout the 
season careful and frequent observation failed to disclose a single case of 
wilt which had not evidently started in a part of the plant injured by 
cucumber beetles (Pl. LIII). In these two fields no wilt had appeared 
up to the 1st of July. A few cases were observed on July 3, while 
the greatest number of cases was found during the last 10 days of the 
month. Practically no new cases of wilt appeared after the 3oth of 
July. The first striped cucumber beetles of the season were seen from 
June 15 to17. In field 1 the first beetles were found on June 17 between 
cages 14 and 15.1. On July 3 there were only seven cases of wilt in the 
whole field, and six of these occurred near or about where these beetles 
had been collected. The beetles were most numerous between June 24 
and July 8, in fact so numerous that in order to save the plants from 
entire destruction an application of a proprietary dust insecticide (con- 
taining lime, Paris green, etc.) was made upon the unsprayed plots. 
Thus, for a few days, or until new growth appeared on the vines, there 
were no untreated cucumber plants in these two fields upon which the 
beetles could feed. From this date on, the beetles began to disappear 
from these fields. In the variety-test block and commercial fields in 
the vicinity the plants were younger and for the most part were untreated. 
In fact, most commercial plantings were just breaking through the 
ground on July 10. Such fields present an attractive feeding ground for 
the beetles. In the two experimental fields there were only a few beetles 
present on July 15, and they were exceedingly scarce after July 30. 

When it is remembered that under field conditions usually one to three 
weeks elapse between time of infection and the appearance of wilting in 
the plants, it will be seen that the rise and fall in the number of plants 
with bacterial wilt closely follows the rise and fall in the number of beetles 
(fig. 1). 

The two fields just discussed had been planted to cucumbers the pre- 
ceding season. About a quarter of a mile from field 1 a cucurbit variety 
test block was located. This land had not been plowed for several years. 
Although separated only by slightly rolling, plowed land from field 1, 
where striped cucumber beetles appeared on June 17, no beetles appeared 
here until about the end of the first week in July. This was just after 





1 These beetles were used in the cage transmission tests recorded ina former paper (Rand, F. V., op. cit.) 
and mentioned in a preceding paragraph. 
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they had begun to disappear from field 1. In the variety test the first 
scattered cases of wilt were observed on July 17, whereas in field 1 the 
first cases were noted on July 3. The largest number of cases of wilt in 
the variety block were found between August 15 and 30, and the striped 
cucumber beetles were most numerous here during the last part of July. 
Again, allowing for the necessary time between infection and actual 
wilting, it will be noted that here also there is a direct relation between 
the number of wilt infections and the number of beetles present (fig. 1). 

The graphs (fig. 1) show the daily relation between meteorolo- 
gical conditions, the number of beetles present, and the number of 
wilted plants in the three fields from June 10 to August 31. In these 
graphs there is shown a definite relation between the beetle and the wilt 
curves, but no relation between the latter and the meteorological curves. 
The meteorological instruments from which the data were obtained for 
this graph were kept in a United States Weather Bureau instrument 
shelter at ground level, so that the environment would correspond as 
nearly as possible to that of the cucumber plants (Pl. LIV, fig. 4). 

Reference should be made to the fact that in taking notes the total 
number of plants showing bacterial wilt was recorded at each date of 
observation. This number included not only the new cases but also 
cases holding over from the preceding observation. Ordinarily the 
older the plant at the time of infection the longer the interval between 
infection and death. This explains the apparently too great interval 
between the maxima of the beetle and wilt curves. If it had been the 
original intention to represent graphically the relation between the 
prevalence of the beetles and the occurrence of wilt, the data would 
have been obtained in a form better suited to this method. It was only 
after tabulating the results of the field observations that the very striking 
parallel was noted. Obviously it would be impossible to enumerate 
absolutely the beetles present in a field; hence, the percentages used in 
the graphs are based partly on actual counts and partly on careful esti- 
mates made throughout the season. In the curves, 100 per cent repre- 
sents the maximum number of striped cucumber beetles present at any 
one time. 

Attention should be drawn to the fact that although there was a 
difference of only three days in planting time between field 1 and field 3, 
the beetles appeared between two and three weeks earlier in field 1, 
which had been planted to cucumbers the preceding season. This 
would suggest that these insects hibernated in or near the old cucumber 
field and that they did not leave this field the following spring as long 
as young and tender plants remained for them to feed upon. A similar 
tendency of both striped and twelve-spotted cucumber beetles to hiber- 
nate in old cucurbit fields was observed by the writers near Congress 
Heights, D. C. The first frosts occurred in these fields during the first 
part of October. About the middle of December, 1915, soil siftings to 
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a depth of 7 inches were made at numerous points over this squash field. 
Considerable numbers of dormant beetles were found under clods, old 
vines, mummied squashes, and around the bases of old squash stems 
just beneath the soil surface. No beetles were found below the first 2 
inches and most of them were found at a depth of less than 1 inch. 


SOIL TRANSMISSION 


In the experiments of 1915 at East Marion, Long Island, N. Y.,' bacterial 
wilt was not transmitted to the plants from the soil, although in the 
same fields during the preceding season the crop had been largely 
destroyed by this disease. In a large number of greenhouse inocula- 
tions into one of two or more cucurbit plants in a single pot (seven 
experiments, including in all 126 pots), none but the inoculated plants 
ever took the disease, although the latter wilted to the ground, and the 
pots were kept under observation from one to three months. The 
house was free from cucurbitaceous insects. 

In addition to these observations and experiments relative to soil 
transmission three series of direct soil inoculations were made: 

SERIES OF MaRcH 18, 1915.—Thirty-two Arlington White Spine forcing 
cucumber plants 4 to 5 inches high, transplanted March 9 and not dis- 
turbed from that date until the date of inoculation, were inoculated as 
follows: 

Eight cucumber plants not root-pruned and the same number of plants 
root-pruned were inoculated with strain R230 by pouring on the soil beef- 
bouillon cultures 6 days old. Sixteen plants were inoculated in the 
same way with strain R235. Sixteen plants were root-pruned and the 
soil moistened with tap water only, these plants being held as checks, 
The cultures used were tested as to virulence by needle-puncture inocu- 
lations into the leaves of several cucumber plants of the same age and 
variety. 

All plants inoculated by needle puncture promptly wilted. 

On April 1 the 16 inoculated plants which had been root-pruned showed 
two cases of wilt. No wilt was evident in the 16 non-root-pruned plants 
at this date. 

On April 12, among the 16 root-pruned plants there were 1o wilted 
and among the 16 non-root-pruned there were 2 wilted. The 16 check 
plants (root-pruned) showed no signs of wilt. 

Isolations were made from all plants showing infection from the 
soil, and these cultures produced wilt promptly upon inoculation into 
leaves of healthy plants. 

The experiment was continued for two months from the date of 
inoculation, but no further cases of wilt appeared. 

SERIES OF MARCH 31, 1916.—Sixty Chicago Pickling cucumbers 
planted January 28, 1916 (transplanted once), in pots in the greenhouse 





1 Rand, F. V., rors. Op. cit. 
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were inoculated by pouring on the soil tap-water suspensions of B. trach- 
eiphilus from beef-agar slants 6 days old. Of these 60 plants 24 were 
root-pruned, and the remaining 36 were left uninjured. In this experi- 
ment 26 strains, isolated from squash, cucumber, and cantaloupe 
(Cucumis melo), were used, and each culture was proved to be virulent 
by needle-puncture inoculation into the leaves of healthy cucumbers 
of the same age and variety. The virulence tests were made about 30 
minutes before these agar slants were used for the soil inoculations. 

The plants were under daily observation, and there were no signs of 
wilt until April 11, when one of the root-pruned plants wilted. Between 
this date and April 19, 6 of the 24 root-pruned plants (25 per cent) and 
8 of the 36 uninjured plants (22 per cent) wilted. Examination of the 
stems and main roots showed the typical stringy slime in the vascular 
system, and cultures from these roots proved the presence of B. trachei- 
philus. 

It will be seen that in this test the percentage of wilt was about the 
same in the root-pruned plants and in those not root-pruned. However, 
too much weight can not be given to the results of this experiment, since 
the cucumbers had been recently transplanted and examination of the 
roots showed considerable eelworm injury. These wounds might, of 
course, afford entrance for the wilt organism. 


SEED TRANSMISSION 


Ripe cucumber fruits were collected from wilted vines at Malone and 
Constable, N. Y., on September 23, 1914. Five of the fruits from Malone 
and one from Constable showed on cutting an abundance of the sticky 
white ooze characteristic of this bacterial wilt, and microscopic examina- 
tion revealed enormous numbers of typical bacteria in the vascular 
system. The seeds were carefully preserved, and three months later 
were planted in the greenhouse. Good germination resulted, and after 
three months’ growth no signs of wilt had occurred in any of the plants. 

In July, 1915, a large White Spine cucumber fruit almost full grown 
was inoculated from a pure culture of the bacterial wilt organism. The 
fruit became infected and the wilt extended gradually throughout the 
whole vine to which it was attached. Seeds from this fruit were pre- 
served, and six months later a part of them were planted in the green- 
house. Several plants came up and were under observation for four 
weeks, but no wilt occurred. A portion of the seeds remaining were 
used in cultural tests. The seeds were sterilized in the usual way with 
mercuric-chlorid solution, the seed coats removed under aseptic condi- 
tions, and the embryos crushed in sterile bouillon from which plates were 
poured. No clouding of the bouillon subsequently occurred, and no 
growth from the plates. 

On August 29, 1914, a ripe cantaloupe was collected from a wilted 
vine near Albany, N. Y. The vascular elements of the cantaloupe con- 
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tained an abundance of the typical stringy ooze which microscopic exami- 
nation showed to consist entirely of characteristic bacteria. Seed ger- 
mination and cultural tests similar to those described for the cucumber 
gave negative results. 

During the latter part of September, 1914, ripe Hubbard squashes 
were collected from wilted vines at Medina, Malone, and Constable, N. Y. 
These squashes upon examination showed the same evidence of bacterial 
‘ wilt as did the cucumbers and cantaloupes referred to above, and in 
addition a pure-culture isolation of B. trachetphilus was made from the 
Medina squash, which subsequently gave typical infections when inoc- 
ulated into healthy cucumber and squash plants. Seed germination and 
cultural tests from the seeds gave the same negative results as in cucumbers 
and cantaloupes. 

STOMATAL INFECTIONS 


Two inoculation tests with cucumber and one with cantaloupe were made 
during the summer of 1915, using sterile-water suspensions of the wilt 
organism (strain R230). The plants were put into tight inoculating cages, 
and the plants and walls of the cages sprayed with tap water. Two hours 
later the plants were inoculated by spraying with a very cloudy suspen- 
sion of bacteria from 7-day-old agar slants. Check plants were inocu- 
lated by needle punctures from the same cultures. All the plants were 
left in the cages tightly closed for 24 hours, and semiopen for two days 
longer. The punctured checks wilted promptly, but no infection occurred 
in the uninjured sprayed plants, although they were kept under observa- 
tion for two months. Another test was made in March, 1916. Three 
young and three older cucumber plants and four young squash plants 
were inclosed in a dampened inoculation chamber and sprayed with a 
tap-water suspension of B. tracheiphilus (strain Ens58 isolated from 
squash) from a 6-day-old beef-agar slant. Three hours later the plants 
were again sprayed with this bacterial suspension. This culture was at 
the same time tested by needle-puncture inoculations into the leaves of 
two cucumber and two squash plants of the same varieties. The sprayed 
plants were left in the inoculating chamber in a saturated atmosphere for 
three days, after which they were held under ordinary greenhouse condi- 
tions. After two months no infection had appeared in the sprayed unin- 
jured plants, although the plants inoculated from the same culture by 
needle punctures all developed typical wilt within one week after inocu- 
lation. 

A fifth trial was made in April, 1916, using five young and five older 
cucumber plants. All aerial parts were thoroughly sprayed with a tap- 
water suspension of the wilt organism from a beef-agar slant 6 days old 
(strain En57). This culture was tested by needle-puncture inocula- 
tions into cucumbers of the same age and variety. The latter inocula- 
tions resulted in typical wilt, but the uninjured plants sprayed with the 
bacterial suspension had shown no signs of infection after five weeks. 
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In these five direct tests stomatal infection did not occur, thus con- 
firming the observational data during the past two seasons and Dr. 
Smith’s earlier observations and experiments. In hundreds of field and 
greenhouse observations the stems and leaves of wilted and healthy plants 
were closely intertwined, exposing in many cases uninjured healthy parts 
to direct contact with cut and broken infected surfaces. Even here the 
disease was in no case transmitted. 


DISCUSSION OF OBSERVATIONS 


The field observations of the senior writer during the last two seasons, 
covering the territory from the District of Columbia to eastern Long 
Island, northward to the Canadian Provinces of Quebec and Ontario, 
and westward to Michigan, Wisconsin, and Indiana, have abundantly 
confirmed the experimental evidence outlined above that the striped 
cucumber beetle and probably also the twelve-spotted cucumber beetle 
are the principal if not the only carriers of bacterial wilt of cucurbits. 
It has been suggested that the larve of cucumber beetles may also serve 
as a means of dissemination, but from their habits it would appear that 
the only possible way in which they could bring about infection is by 
carrying the organism from the soil into their burrows in the cucumber 
stems. This appears highly improbable. However, the data at hand 
do not warrant any definite statement. 

Mechanical injuries, such as those resulting from storms, cultivation, 


etc., and injuries from flea beetles, aphids, and squash bugs have been 
closely watched in the experimental fields and cages described elsewhere, 
but no evidence has been obtained of any relation to bacterial wilt. 


WILT CONTROL 

The problem of control therefore resolves itself into (1) the finding 
or developing of cucurbit varieties resistant to bacterial wilt, (2) spray- 
ing the plants with a bactericide, or (3) eliminating the beetles through 
poisons or repellants. 

VARIETY TESTS 

Early in the spring of 1915 a preliminary test was made with eight 
varieties of cucumber planted in pots in one of the department green- 
houses. Several plants of each variety were inoculated by needle punc- 
tures in the leaves from 6-day-old agar-slant cultures of a single strain 
of B. tracheiphilus. All the inoculated plants contracted the disease 
and no difference in rapidity of wilting appeared—that is, individual 
plants of the same variety showed as great differences in rate of wilting 
as appeared among the different varieties. 

In the variety-test block previously mentioned (East Marion, Long 
Island, N. Y.) 32 varieties of cucumber, 39 varieties of cantaloupe, and 
25 varieties of squash were planted on June 10, 1915. From 8 to 20 or 
more hills were given to each variety, 12 being the usual number. Most 
of the cucumber and squash varieties gave fair to good stands, but the 
cantaloupes were planted in an exceedingly light sandy soil infested 
with witch grass, and in consequence of this the seed either did not come 
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up at all or gave a very poor stand of plants. Only seven of the canta- 
loupe varieties were in such location and condition as to be included in 
a summary of results. It was intended at first to inoculate artificially 
at least one plant of each variety with the wilt organism, in order that 
all varieties might have an equal chance, but the disease soon became so 
general over the experimental block that it was thought unnecessary to 
interfere with its natural spread. 

Careful observations were made throughout the season and the num- 
ber of wilted plants in each variety was noted. Table I gives the per- 
centage of wilted plants for each variety during the season. 


TABLE I.—Percentage of wilt in different varieties of cucumbers, squashes, and cantaloupes 
at East Marion, Long Island, N. Y., season of 1915 


CUCUMBER 





Percent- 
Variety. age of Variety. 
wilt. 





West India Gherkin............ 30 || Improved Long Green 
Rollistons Telegraph 33 || Fordhooks Famous. . 

Emerald 33 || Vaughans XXX Pickling. 

Gaak ME CHD. 565 05.55 ei oes 33 || Cumberland Pickling 
Vaughans Prolific 40 || Fordhook Pickling 

Early Cyclone. . 

Westfield Chicago Pickling Improved White Spine. .. 

Snows Fancy Pickling.......... Arlington White Spine 

Davis Perfect (regular stock)... Arlington White Spine (U. 
Davis Perfect (selected stock). . 19300). . 

Noas Forcing Improved Long ‘Green a (U. s 
Extra Early Long White Spine. 18591)... aon 

Boston Forcing White Spine. ... Early Cluster. 

Improved Jersey Pickling Serpent or Snake 

Boston Pickling (U. S. 18589)... Carters Model 

Rockyford Klondyke New Century 

Japanese Climbing 











SQUASH 





Mammoth White Bush. . o || Improved Hubbard............. 
Early White Bush (U.S. 19339). o || Pikes Peak 

Vaughans Giant Summer Crook- EEN Gar vesstcdnccasisvewexe 
10 || Essex Hybrid 

Early White Bush 12 || Delicious 

Early White Bush (U. S. - 19340). 12 || Faxons Brazilian 

Mammoth Yellow. 14 || Chicago Market Hubbard....... 
Giant White Summer. . 16 || Orange Marrow. . rerere 
Straight Neck 20 || Red or Gold Hubbard. 

Bush Fordhook................. 26 || Marblehead 

30 || Golden Bronze 

Yellow Bush 40 || Boston Marrow 

Summer Crookneck 40 || Vegetable Marrow.............. 





CANTALOUPE 





Emerald Green ys Ss. 19352). 9 || Burrell’s Gem (U. S. 19312).. 

Landreths Early Citron.. 12 |; Burrell’s Gem (U. S. cme 

Rockyford Me S. 19319) 15 || Vegetable Peach. . 

Rockyford (regular stock). . 15 || Oval Netted Gem.. 

Netted Gem oe (selected 
stock). . 18 
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None of the 30 varieties of cucumber were free from wilt, the diseased 
plants in each variety ranging from 30 to 100 per cent. In the 7 varie- 
ties of cantaloupe exposed to infection, the wilt ranged from 9 to 66 
per cent. Of the 24 varieties of squash, 2 remained free from wilt 
throughout the season, and in the remaining 22 varieties the disease 
occurred in 10 to 100 per cent of the plants. Little hope of finding a 
high degree of resistance is to be noted in the cucumber record. A 
considerable difference in percentages of wilt is found, but whether 
this will persist from year to year or is merely accidental can be ascer- 
tained only by further trials in different localities and seasons. A 
greater promise of resistance was evidenced by the squash varieties. 
In his experiments Dr. Erwin F. Smith, Bureau of Plant Industry, 
obtained infection in squashes with B. tracheiphilus obtained from 
wilted squash plants, but with cultures obtained from cucumbers squash 
infections were rare or where they did occur failed to extend beyond the 
immediate vicinity of inoculation. 

Experiments relative to the infection of squash plants by means of 
cultures of B. tracheiphilus obtained from cucumbers, cantaloupes, and 
squashes are not yet completed. However, up to the present time, 15 
strains from cucumber, 1 from cantaloupe, and 7 from squash have been 
tested by inoculation into these three hosts. All the strains have proved 
infectious on cucumber and cantaloupe. Of the 15 cucumber strains 
inoculated into the Yellow Crookneck and Early White Bush squashes, 
7 have given no infection, 2 (En66 and En68) have given doubtful 
signs of incipient wilt, 4 (En68, Enrog, R305, and R307) primary wilt 
(not extending beyond the inoculated leaves), and 2 (R308 and Enro8) 
wilt involving the entire plant. The single cantaloupe strain in most 
cases failed to infect squash. In those cases where infection did occur, 
the signs did not extend far beyond the inoculation punctures. All the 
squash strains were infectious to squash, varietal differences, however, 
being evident. 

Among the common cultivated cucurbits cucumbers appear to be the 
most susceptible, and following them in succession should be placed 
cantaloupes, squashes, and pumpkins, with watermelons (Citrudlus vul- 
garis) as most resistant. So far as the writers know, bacterial wilt has 
been reported but once as occurring naturally upon watermelons, and 
this case was reported without accompanying proof! The ordinary 
watermelon wilt is caused by a species of Fusarium. 

Summarizing the season’s work upon cucurbit varieties, together with 
the general field observations of the senior writer, it may be stated 
that there is little hope of controlling the disease in the cucumber through 
host resistance to the parasite. The cantaloupe and squash, especially 





1Selby, A.D. Certain troublesome diseases of tomatoes and cucurbits. Jn Ann. Rpt. Columbus Hort. 
Soc. 1896, p. 113. 1897. 
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the latter, showed a considerably greater evidence of resistance. For 
these plants, therefore, this method of control is at least worthy of 
further investigation, but up to the present time the observations and 
experiments do not justify definite conclusions. 


SPRAYING 


In two fields situated near the variety-test block a series of spraying 
experiments was carried out in 1915 upon the Fordhook Famous cucum- 
ber, planted on June 5 and 7, and Woodruffs Hybrid cucumber, planted on 
June 1. The relation between the striped cucumber beetle and wilt in 
these two fields has already been detailed (p. 420 and fig. 1). The relative 
merits of Bordeaux mixture alone, Bordeaux mixture with lead arsenate, 
and lead arsenate alone were tried out by spraying different plots with 
each of these three mixtures on a succession of dates, beginning June 25 
and continuing at intervals of 5 to 10 days thereafter (fig. 2). 

To determine the best time for treatment, the first application of the 
Bordeaux-mixture-lead-arsenate combination was made upon different 
plots at successive dates. The first application was made on June 25, just 
as the first true leaves had opened on the cucumber plants, and at each 
succeeding application a new plot was added. In every case a check 
plot was left between the two successively sprayed plots. In field 2 
each plot consisted of three parallel rows, each row 21 feet long. In 
field 1 the plots were about twice this size. The first three applications 
of Bordeaux mixture were made with a weak suspension (2:2:50) in 
order not to injure the young plants, but in the later treatments the 
strength was gradually increased to the 4:6:50 formula. In all cases 
where lead arsenate was used it was applied at the rate of 2 pounds to 
50 gallons of liquid. No appreciable injury from any of the spray 
mixtures was observed. 

The relative amount of control effected in field 1 at different dates of 
application is graphically shown in figure 3. 

The spray treatments were conducted as follows: Plot 1 (fig. 3a) 
received its first application of Bordeaux and lead arsenate on June 25, 
and additional sprayings at intervals of 5 to 10 days throughout the 
season. In plots 2, 3, and 4 (fig. 3, b, c, and d), the first applications 
were made on July 6, 14,and 19, respectively, and further sprayings were 
made at intervals of 5 to ro daysasin plot 1. It will be noted that most 
of the infections had occurred before the third treatment, July 14, for in 
plot 3 and its corresponding check the.number of wilted plants was about 
the same. In the first two plots there was much less wilt than in the cor- 
responding unsprayed plots, the first sprayed plot showing by far the 
best results. There would be a still greater difference between plot 1 and 
its untreated check were it not for the facts that the latter was only about 
three-fourths the size of the sprayed plot and that it received one applica- 
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tion of a dust insecticide to prevent the total destruction of the plants 
by striped cucumber beetles. 

The relative amount of control given by the three kinds of spray mix- 
ture tested is shown in figure 2, in which the number of wilted plants in 
each sprayed and check plot is given. It will be noted that the lead arse- 
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Fic. 2.—Comparison of relative wilt control of Bordeaux mixture plus lead arsenate, Bordeaux mixture 
alone, and lead arsenate alone in field 1, East Marion, Long Island, season of rors. 


nate and Bordeaux mixture combined gave better results than either used 
alone. 

The results obtained in field 2 are corroborative of the data graphically 
shown for field 1 (fig. 2 and 3), but the control effected was not quite so 
striking, since the plants were nearly a week older than those in field 1 at 
the time of the first spraying. Furthermore, the stand was poor in some 











June 12, 1916 Bacterial Wilt of Cucurbits 431 
















































































32 
A 

28 ” aan 
4 
Sy vA 
/ f 
S,. / afs\ 
N) & wy] > re) 
So tt a ees 
S > sYe| | [Ss 
Ww 19 P/ Hi c 
. / pe > 
SL LI/ ai : 
N f SN r 
3, / ¥ > ~ 4, m 

rREAT =] 

Ber ine 

32 > 

, Jars, 
s oN\ Sy 2 
y 24 i $ < 
SVN LA Ts 
SY Hig — 4 
SL LLLWE WG 2 
S16 Ne . s | 
‘ . 7 P 
& 2 / 
Q 
NG 
Sy 
ts 

4 

fo 




































































0 
15 $ 8 7 2&2 29°26 Ot 5 9 SB 2 25 2 2 6 
JULY AUGUST JULY AUGUST 
Fic. 3.—Curves showing relative wilt control of Bordeaux mixture and lead arsenate with date of first 
application as a variant in field 1, East Marion, Long Island, season of rors. 


37768°—16——4 





432 Journal of Agricultural Research Vol. VI, No. 12 





parts of the field and the beetles appeared here a few days earlier than in 
field 1. 

Field observations indicate that the results obtained were due to a bac- 
tericidal and repellent action of the Bordeaux mixture and lead-arsenate 
combination, and probably in part to an insecticidal action by the latter 
ingredient. The beetles were less frequent on the sprayed than on the 
unsprayed plots, and among the sprayed plants injured by beetles there 
was apparently a smaller percentage of infection resulting than among 
similar unsprayed plants. That is, the control effected by the Bordeaux 
mixture alone was apparently due to its repellent and bactericidal action, 
and that by the lead arsenate alone to its repellent and insecticidal action, 
while the more complete control by the two mixtures together was due to 
a combination of their bactericidal, repellent, and insecticidal properties. 

The bactericidal action of Bordeaux mixture has been further investi- 
gated in a series of six greenhouse tests, in which sprayed and unsprayed 
leaves of potted plants were inoculated in as nearly an identical manner 
as possible by needle punctures from cultures of the same strain of organism. 
The spray used was 2:3:50 Bordeaux, and this was allowed to dry 
thoroughly on the leaves before inoculating. In most cases the plants 
were not inoculated until 24 hours after spraying. 

In the first test, December 2, 1915, three weeks after planting, seven 
unsprayed and seven sprayed Chicago Pickling cucumber plants were 
inoculated from 1-week-old beef-agar slant cultures. After 15 days 
the unsprayed plants showed 100 per cent of infection, and the sprayed 
plants 29 per cent. 

In the same way and at the same time a test was carried out on three 
varieties of cantaloupe—Rockyford, Sweet Air, and Baltimore Nutmeg. 
Thirty-five inoculations were made into unsprayed plants and 37 into 
sprayed plants. There was no apparent difference in susceptibility 
among the three varieties used. Of these inoculations the unsprayed 
gave 95 per cent of infection and the sprayed leaves 46 per cent. 

In a third test (Jan. 8, 1916), Chicago Pickling cucumbers planted 
November 13, 1915, were used. In this test 36 unsprayed and 37 sprayed 
plants were inoculated with the wilt organism, using agar slants 9 days 
old. After 19 days it was found that 92 per cent of the unsprayed and 
35 per cent of the sprayed cucumbers had contracted the disease. 

A further trial was made (Jan. 19, 1916) with 19 Chicago Pickling 
cucumbers planted October 29, 1915. In the case of these older cucum- 
bers unsprayed and sprayed leaves on the same plant and as nearly of the 
same age and appearance as possible were used for inoculation. Both 
sprayed and unsprayed leaves had been dusted with flowers of sulphur 
for the control of powdery mildew, and this treatment, together with 
the age of the plants, considerably reduced the infection. However, 
even here the unsprayed leaves gave 63 per cent and the sprayed leaves 
II per cent of infection. 
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Two more tests (Jan. 19, 1916) were made with Baltimore Nutmeg 
cantaloupes planted November 13, 1915, using a bacterial strain of low 
virulence (strain R311) and one of high virulence (strain R304). The 
cultures of these two strains used for inoculation were beef-agar slants 
10 days old. With the former strain 10 unsprayed and 9 sprayed plants 
were inoculated, and these gave, respectively, 40 and 11 per cent of 
infection. With the highly virulent strain 16 unsprayed and 17 sprayed 
plants were inoculated. These gave, respectively, 94 and 24 per cent 
infection. 

Remarks: It will be seen that in all cases the presence of Bordeaux 
mixture on the leaves greatly reduced infection, and an average of the 
six trials gives 80.6 per cent of infection in the unsprayed against 26 per 
cent of infection in the sprayed plants. These results can scarcely be 
considered as accidental, and they strongly confirm field observations 
regarding the bactericidal effect of Bordeaux mixture. Furthermore, the 
natural mode of inoculation is considered identical with the method used 
in these tests, for in the one case the organism is pricked into the leaf 
tissues by the mouth parts of the cucumber beetle and in the other case 
by the inoculating needle. 


WET AND Dry INOCULATIONS 


On January 8, 1915, an experiment was conducted to determine the 
effect of wet and dry inoculations into sprayed and unsprayed plants. 
In this test 68 cucumber plants were used. The inoculations were all 
made in a uniform manner by needle punctures into the two youngest, 
fully opened leaves of each plant. Of these plants 34 were sprayed with 
Bordeaux mixture and 17 were inoculated before the Bordeaux mixture 
had dried. The remaining 17 were inoculated about 2 hours later when 
the Bordeaux mixture was thoroughly dry. At the same time 34 
unsprayed plants were inoculated, 17 while dry and 17 immediately after 
sprinkling with tap water. All of the plants were shaded from the sun 
until the following day. At the end of 19 days after inoculation 95 per 
cent of the unsprayed plants inoculated when wet had contracted the 
wilt and 88 per cent of those inoculated when dry. In the sprayed 
plants there was 33 per cent of infection among those inoculated before 
drying and 36 per cent among those inoculated after drying. 

As will be seen, the percentage relations between infection in wet and 
dry leaves vary inversely in the sprayed and unsprayed plants. The 
difference is small, but it occurs in the direction to be expected from 
known facts concerning conditions favorable to infection. In the 
absence of bactericidal substances a moist leaf surface presents a better 
environment for infection by the bacteria; but when a bactericide is 
present which is effective in solution the maximum effect occurs in the 
presence of water. This is exactly the result obtained in the experiment 
under discussion. 
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SUMMARY 


(1) In fields where wilt had largely destroyed the cucumber crop dur- 
ing the preceding season the disease did not appear in 1915 on cucumbers 
in 48 beetle-proof cages. On the other hand, wilt was very prevalent in 
those fields on all sides of the cages. In a large number of greenhouse 
tests where one out of two plants in a pot was inoculated and wilted to 
the ground the second plant in no case contracted the wilt. The inocu- 
lations by means of bacterial suspensions poured on the soil around 
potted cucumber plants showed a small but varying percentage of wilt. 
Root injuries were found in most of these cases of root infection. Ap- 
parently infection does not enter the uninjured root system from the soil. 

(2) In all cases seeds from diseased fruits failed to produce diseased 
plants, and cultures from such seeds in no case gave the wilt organism, 
but further tests should be made. 

(3) In the tests made stomatal infection did not occur. 

(4) The experiments thus far completed show that cucumber beetles 
(Diabrotica spp.) are the most important, if not the only, summer car- 
riers of the wilt organism (Bacillus tracheiphilus) and that at least one 
species (D. vittata) is capable of carrying the wilt over winter and infecting 
the spring planting of cucumbers. In the tests by the writers the squash 
bug (Anasa fristis), the flea beetle (Crepidodera cucumeris), the melon 
aphis (Aphis gossypii), and the twelve-spotted lady-beetle (Epilachna 
borealis) have failed to transmit the disease. 

(5) In the field experiments during one season with many different 
varieties of cucurbits, the greatest difference in resistance was shown by 
varieties of squash, in which the percentage of infection varied from o to 
100. The varieties of cucumber and cantaloupe, while showing some 
difference in their susceptibility to the wilt, give much less promise of 
control by varietal resistance. 

(6) In the spraying experiments of 1915 wilt was effectively con- 
trolled by early treatments with a combination of Bordeaux mixture 
and arsenate of lead. Plots sprayed with either mixture alone showed 
much less wilt than unsprayed plots, but control was not as complete as 
where the two were used together. Both field observations and green- 
house experiments indicate that the wilt control is effected through the 
bactericidal action of Bordeaux mixture, the insecticidal action of 
arsenate of lead, and the repellent action of both against the cucumber 
beetles. 

(7) Inasmuch as it has been definitely proven that the striped cucum- 
ber beetle (D. vittata), and also the twelve-spotted cucumber beetle (D. 
duodecimpunctaia), are the most active carriers of the bacterial wilt, it 
becomes necessary to control the insects in order to prevent the disease. 
This phase of the work will be actively undertaken in cooperation with 
the Bureau of Entomology during the coming season. 








PLATE LIII 


Two wilted cucumber plants which contracted bacterial wilt at beetle gnawings of. 


the leaves marked x. Three healthy, uninjured plants in same hill are also shown. 
From field 1, East Marion, Long Island, N. Y., July 19, 1915. 
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PLATE LIV 


Plots in field 1, East Marion, Long Island, N. Y., 1915. The poor stand in figures 2 
and 3 was due entirely to bacterial wilt. 


Fig. 1.—Plot sprayed with Bordeaux mixture and lead arsenate, beginning June 
25. Photographed September 20, rors. 
Fig. 2.—Plot sprayed with Bordeaux mixture and lead arsenate, beginning July 


19, after most of the striped-beetle injury had occurred. Photographed September 
20, 1915. 

Fig. 3.—Plot sprayed with Bordeaux mixture and lead arsenate, beginning July 
27. Practically no beetle injury occurred after this date. Photographed September 
20, IQI5. 

Fig. 4.—General view of field, showing cages and meteorological-instrument shelter, 
Photographed July 10, r915. 





